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The Difference Will Be Found In the 


Performance 


For ten years the Glenn L. Martin Company has been 
manufacturing Superior Aircraft. An organization of 
pioneers in the industry, the Glenn L. Martin Company 
puts the mature technical knowledge born of ten years 
experience behind every Martin airplane. The well- 
known ability of Martin airplanes to deliver maximum 
performance over an indefinite period of time is proof 
enough of the fact that 


Super-Quality Is Built Into' 
Every Martin Airplane— . 


built in with the tools of Experience in the hands of 


Knowledge. 


THE GLENN L. MARTIN COMPANY 


CLEVELAND, OHIO 


Contractors to the U. S. Army, Navy and Post Office Departments. 


© Member of the Manufacturers’ Aircraft Association © 
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“Butteriiy 
Sport Plane 


$2500 


L.W.F. ENGINEERING COMPANY, Inc. 


COLLEGE POINT NEW YORK 
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y Luxury and Comfort in travel, as well as Speed, are offered in the Model “K.T.” Cabin Cruiser, Ld 
as shown in the above illustration, a plane for either pleasure or commercial purposes which 
we are now featuring for custom trade. ([, The “O. W..” Aerial Coupe is another model which 
especially appeals to those who care more for comfort than extreme speed. (. Those interested 


should see both these new models of pleasure and commercial aircraft which will be on ex- 
hibit at the New York and San Francisco Aero Shows, and let our representatives explain their 
features of Safety, as well as Speed and Comfort. ({ Our handsome new brochure will be sent | 


on request to those interested. 


DAYTON-WRIGHT DIVISION OF THE GENERAL MOTORS CORPORATION K 
DAYTON, OHIO: “THE BIRTHPLACE OF THE AIRPLANE” 
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THOMAS ~MORSE AIRCRAFT CORPORATION 


Type 8-6 at 3,090 ft. above the factory at Ithaca, N Y 


The Thomas-Morse Type S-6 is a thoroughly developed, compact 
and durable two-seater, Training, Passenger Carrying or Pleasure 
machine. 


It is exceptionally low in cost of maintenance and operation. 
It has a desirable degree of inherent stability, and is unusually light on the 
controls. 


Performance (with 80 H. P. LeRhone engine) 100 miles per hour; Climb, 
7,500 ft. in 10 minutes; Lands at 38 miles per hour. 


ogy 


| 
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THOMAS ~MORSE: AIRCRAFT CORPORATION 
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The new model M-8-0 Loening Monoplane 
is the result of a year’s further devel- 


opment of this efficient type 


Perfections and detailed improvements have been embodied 

in 

Gun Installation 

Motor Mounting 

Greater Vision 

Increased High Speed 
Faster Climb 

and 


a further decrease in landing speed 


LOENING AERONAUTICAL ENGINEERING CORPORATION 
351-355 West 52d Street 
NEW YORK CITY 


CONTRACTORS TO UNITED STATES GOVERNMENT 
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The Aeromarine “40_L.* landing 
on snow- covered ice. 


‘The Agvomarine. 

blazes the trail 
whether in frigid New York or 
: balmy Florida. 
See the All-Season Aeromarine 
| at the New York Aeronautical 
Exposition. March _ Oth. 
£ a 
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A most careful, painstaking, rigid in- 
spection follows each step in the pro- 
cess of manufacture at our plant from 
the WALNUT log on through each 
and every operation until it becomes a 
completed airplane propeller. 


This is one reason why propellers from 
Piqua proved so dependable during the war. 


We now maintain the same rigidity of in- 
spection in our plant that we had during the 
war period. You can DEPEND on Hartzell 
Propellers being properly designed and well 
manufactured. Our exceptional facilities for 
quantity production are available to those 
airplane manufacturers who are looking for 
a good honest propeller that will hold up 
under hard service. 


Our Engineering Department is at your service. 


Hartzell Walnut Propeller Co. 


PIQUA, OHIO, U. S. A. 


Before final acceptance, the propellers?) 
pass through rigid inspection for pitch 
track balance etc. . 
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BONJOUR 
-AMERICAe 


“ SPORT-FARMAN ” Is Here! 














The plane for every ea-pilot and sportsman. 
Two passengers—Weight 460 lbs.—“ Take Off” 40 yds. 
Landing Speed 25-30 Miles Per Hour. 


Manufactured by H. & M. Farman, Billancourt, Seine, France, the oldest 
and largest Manufacturers of Aircraft in Europe. : 


Farman Aeroplanes have been flown by thousands of pilots, tested by mill- 
ions of hours in the air and stand today above all for SAFETY, RELIA- 
BILITY, and SERVICE. 


Farman Aeroplanes are built to fill all the requirements of present day avia- 
tion. From the two passenger “ SPORT-FARMAN ” to the fourteen pass- 
enger “ GOLIATH ” every Farman plane presents the following features: 
SLOW LANDING SPEED 
QUICK TAKE OFF 
LIGHT WEIGHT 
LONG GLIDING ANGLE 
RELIABLE MOTOR 
MARVELOUS STABILITY — 
PERFECT COMFORT 


For Business—Buy a FARMAN For Pleasure—Fly a FARMAN 


Represented in America by 


W. WALLACE KELLETT 
1 West 34th Street 
New York City, N. Y. 
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ANNOUNCEMENT 








LIBERTY 


HAND and ELECTRIC 


STARTER 


WILL BE SHOW N IN OPERATION IN SPACE 5 


AERONAUTICAL SHOW 
71st ARMORY MARCH 6-13, 1920 








LIBERTY STARTERS CORPORATION 
620 FIFTH AVENUE NEW YORK, N. Y. 
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Aero Propeller Reduction Gear. 


There is a “critical” propeller speed beyond which efficiency 
diminishes rapidly A propeller begins to “slip” at a peripheral 
speed of about goo feet per second, according to the Royal 
Aircraft factory, and not unti! 1088 feet per second (the speed of 
sound in air) according to other English engineering authorities 


To adapt modern, high-speed aero engines to the proper propeller tip speed, a reduction gear 1s necessary. 
P pe § proper prop PSF & y 


Herewith is shown the first of a series of the three ball bearing mountings in a widely used American 
plane. This bulletin does not show the actual mounting, which will be published subsequently 


The engine is an eight cylinder, 454 x 5 44-inch bore and stroke, rated at 150 H. P 
The salient points of this design are: 


(s) The capacity of a bearing is directly proportional to the number of balls and to the sguere of 
their diameter. Note center line of large gear close up to center line of a row of large balls 


(2) Gyroscopic action is an important factor in the “ punishment" borne by aeroplane bearings. Two 
rows of balls in the outer bearing insure sufficient capacity to withstand all gyroscope action, and the angular 
contact type of bearing affords a most efficient and compact means of absorbing the propeller thrust 


(3) Note locking of inner races of doth bearings, locking of ouéer race, too, of double row bearing 
and floating of outer race of single row bearing 


(4) Avclose scrutiny of the photograph will disclose cotter pin pushed through nut, holding bearing 
over gear, thence into hollow shaft where ends are bent over on the inside 


Above we show one of the New Departure Engineering 
Bulletins. There are scores of them, each one treating 
of New Departure ball bearing installation in different 
machines. We will be glad to send the whole set to 
you free if you are interested and will write on the 
letterhead of your firm, giving your official position 


THE NEW DEPARTURE MANUFACTURING CO 


Detroit Bristol, Connecticut Chicago 
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I“ the present issue there are printed illustrated de- 
scriptions of some of the most recent products of 
the aircraft industry, all of which will be on exhibition 
in the forthcoming Aeronautical Show to be held from 
March 6 to 13 in the 71st Regiment Armory, New York. 

Even a cursory examination of the various cabin, 
mail and sport planes to be exhibited will suffice to 
convince the reader of the one fundamental truth the 
Aeronautical Show will proclaim, namely, that the 
American aircraft industry, far from being in a state 
of stagnation, is making unceasing progress. Progress 
will be found in the conception as well as in the execu- 
tion of commercial aircraft designs. Since the armistice 
great strides have been made in refining the appearance 
of airplanes, both as to outline and workmanship, while 
the peculiar requirements of air transport have led 
designers vigorously to attack the two outstanding 
problems of commercial aviation, safety and economy 
of operation. Safety of operation depends primarily 
upon engine reliability and this has been attained both 
by the use of multiple power units and by giving air- 
planes sufficient reserve power so they can safely 
operate with the engines throttled down. Although this 
entails a certain increase in the dead load of the 
machine, the advantages derived fully compensate for 
this sacrifice. 

On the other hand the importance of cutting down 
parasite resistance to the irreducible minimum is be- 
coming a generally accepted axiom. In this respect the 
general cleanness of lines of the latest American air- 
planes is particularly noteworthy. 

That, on the other hand, the well-being of the passen- 
ger has not been forgotten, the luxuriously fitted cabin 
planes and flying boats which will be seen at the Show 
will conclusively prove. 

Taken as a whole, the coming New York Aeronautical 
Show will afford the public a convincing demonstration 
of the great silent progress that is constantly- being 
made in aeronautics so as to hasten the advent of aerial 
transportation. 





Stress Analysis 


In the stress analysis of the plane, it has become cus- 
tomary to consider two conditions for the calculation of 
stress, namely, high speed, and low speed. Engineers 
have used these two conditions so long that they have 
ceased to question whether they really constitute a 
sound basis for stress analysis. Arbitrary factors of 
safety have been assumed for the two conditions, and 


on the whole, satisfactory results have been obtained 
in practice. 

It has nevertheless, been recognized that the most 
severe conditions in flight were those due to a flattening 
out after a dive and on a vertical dive itself, and these 
conditions do not exactly correspond with the stress 
analysis methods. 


Recent English writers have urged the desirability of 
modifying the basis of stress analysis, so as to make it 
correspond more closely to these two worst load. condi- 
tions, and to make safety factors more uniform through- 
out the plane. 


It is possible to assume a certain factor of safety 
on the basis of the limiting speed of a vertical dive pro- 
ducing much greater lift on the wings, for a larger angle 
of incidence after recovery from the dive without ap- 
preciable loss of speed. The load in this condition is 
largely on the front truss, and forms a very reasonable 
basis for the analysis of the front truss. 


The commonly employed high speed analysis bears no 
relation to the vertical dive itself. On the vertical dive 
or dive with no lift, there is a moment for the wing 
section, which is counter-balanced by the load at the tail 
surfaces, so that a downward load is present on the 
front spar, and an upward load on the rear spar, and 
it is for this condition that analysis should be made. 
This would constitute a distinct departure from stand- 
ard stress methods. 


In dealing with the problem of a consistent factor 
of safety for the front and rear spars, Mr. Pippard 
suggests that this could be taken care of in the following 
way: 

The flattening out after a dive may be imagined as 
taking place with that displacement of the elevators, pro- 
ducing a maximum lift on the horizontal tail surfaces. 
Since the speed on flattening out after a dive may be 
taken as very nearly equal to the speed of the dive itself, 
the force on the tail surfaces may be calculated ac- 
cordingly, and they should be designed to stand this 
load. In considering the vertical dive, the stabilizer 
and elevator may be taken as exercising the same force, 
and the downward force on the front spar and the 
upward force on the rear spar calculated accordingly. 

There is then a consistent factor of safety through- 
out. This is a brilliant intéllectual conception, and 
although practical engineers are always unwilling to 
depart from standard methods of analysis, as long as 
they work out well in practice, it deserves certain con- 
sideration. 
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Aero Propeller Reduction Gear. 


There is a “critical” propeller speed beyond which efficiency 
diminishes rapidly A propeller begins to “slip” at a peripheral 
speed of about goo feet per second, according to the Royal 
Aircraft factory, and not until 1088 feet per second (the speed of 
sound in air) according to other English engineering authorities 

To adapt modern, high-speed aero engines to the proper propeller tip speed, a reduction gear 1s necessary. 

Herewith is shown the first of a series of the three ball bearing mountings in a widely used American 
plane. This bulletin does not show the actual mounting, which will be published subsequently 

The engine is an eight cylinder, 414 x 5 14-inch bore and stroke, rated at 150 H. P 

4 ent cy 4 5 : 

The salient points of this design are: 

(s) The capacity of a bearing is directly proportional to the number of balls and to the sguere of 
their diameter. Note center line of large gear close up to center line of a row of large balls 

(2) Gyroscopic action is an important factor in the “ punishment" borne by aeroplane bearings. Two 
rows of balls in the outer bearing insure sufficient capacity to withstand all gyroscope action, and the angular 
contact type of bearing affords a most efficient and compact means of absorbing the propeller thrust 

(3) Note locking of ier races of doth bearings, locking of outer race, too, of double row bearing 
and floating of outer race of single row bearing 

(4) Avclose scrutiny of the photograph will disclose cotter pin pushed through nut, holding bearing 
@vet gear, thence into hollow shaft where ends are bent over on the inside 


Above we show one of the New Departure Engineering 
Bulletins. There are scores of them, each one treating 
of New Departure ball bearing installation in different 
machines. We will be glad to send the whole set to 
you free if you are interested and will write on the 
letterhead of your firm, giving your official position 


THE NEW DEPARTURE MANUFACTURING CO 


Detroit Bristol, Cennecticut Chicano 
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ie the present issue there are printed illustrated de- 
scriptions of some of the most recent products of 
the aircraft industry, all of which will be on exhibition 
in the forthcoming Aeronautical Show to be held from 
March 6 to 13 in the 71st Regiment Armory, New York. 

Even a cursory examination of the various cabin, 
mail and sport planes to be exhibited will suffice to 
convince the reader of the one fundamental truth the 
Aeronautical Show will proclaim, namely, that the 
American aircraft industry, far from being in a state 
of stagnation, is making unceasing progress. Progress 
will be found in the conception as well as in the execu- 
tion of commercial aircraft designs. Since the armistice 
great strides have been made in refining the appearance 
of airplanes, both as to outline and workmanship, while 
the peculiar requirements of air transport have led 
designers vigorously to attack the two outstanding 
problems of commercial aviation, safety and economy 
of operation. Safety of operation depends primarily 
upon engine reliability and this has been attained both 
by the use of multiple power units and by giving air- 
planes sufficient reserve power so they can safely 
operate with the engines throttled down. Although this 
entails a certain increase in the dead load of the 
machine, the advantages derived fully compensate for 
this sacrifice. , 

On the other hand the importance of cutting down 
parasite resistance to the irreducible minimum is be- 
coming a generally accepted axiom. In this respect the 
general cleanness of lines of the latest American air- 
planes is particularly noteworthy. 

That, on the other hand, the well-being of the passen- 
ger has not been forgotten, the luxuriously fitted cabin 
planes and flying boats which will be seen at the Show 
will conclusively prove. 

Taken as a whole, the coming New York Aeronautical 
Show will afford the public a convincing demonstration 
of the great silent progress that is constantly - being 
made in aeronautics so as to hasten the advent of aerial 
transportation. 





Stress Analysis 


In the stress analysis of the plane, it has become cus- 
tomary to consider two conditions for the calculation of 
stress, namely, high speed, and low speed. Engineers 
have used these two conditions so long that they have 
ceased to question whether they really constitute a 
sound basis for stress analysis. Arbitrary factors of 
safety have been assumed for the two conditions, and 


on the whole, satisfactory results have been obtained 
in practice. 


It has nevertheless, been recognized that the most 
severe conditions in flight were those due to a flattening 
out after a dive and on a vertical dive itself, and these 
conditions do not exactly correspond with the stress 
analysis methods. 


Recent English writers have urged the desirability of 
modifying the basis of stress analysis, so as to make it 
correspond more closely to these two worst load. condi- 
tions, and to make safety factors more uniform through- 
out the plane. 


It is possible to assume a certain factor of safety 
on the basis of the limiting speed of a vertical dive pro- 
ducing much greater lift on the wings, for a larger angle 
of incidence after recovery from the dive without ap- 
preciable loss of speed. The load in this condition is 
largely on the front truss, and forms a very reasonable 
basis for the analysis of the front truss. 


The commonly employed high speed analysis bears no 
relation to the vertical dive itself. On the vertical dive 
or dive with no lift, there is a moment for the wing 
section, which is counter-balanced by the load at the tail 
surfaces, so that a downward load is present on the 
front spar, and an upward load on the rear spar, and 
it is for this condition that analysis should be made. 
This would constitute a distinct departure from stand- 
ard stress methods. 


In dealing with the problem of a consistent factor 
of safety for the front and rear spars, Mr. Pippard 
suggests that this could be taken care of in tie following 
way: 

The flattening out after a dive may be imagined as 
taking place with that displacement of the elevators, pro- 
ducing a maximum lift on the horizontal tail surfaces. 
Since the speed on flattening out after a dive may be 
taken as very nearly equal to the speed of the dive itself, 
the force on the tail surfaces may be calculated ac- 
cordingly, and they should be designed to stand this 
load. In considering the vertical dive, the stabilizer 
and elevator may be taken as exercising the same force, 
and the downward force on the front spar and the 
upward force on the rear spar calculated accordingly. 

There is then a consistent factor of safety through- 
out. This is a brilliant intéllectual conception, and 
although practical engineers are always unwilling to 
depart from standard methods of analysis, as long as 
they work out well in practice, it deserves certain con- 
sideration. 














The new Curtiss Eagle cabin plane, which will be one of 
the important exhibits of the forthcoming New York Aeronau- 
tical Show, is built along the basic lines of the 8-place Curtiss 
Eagle which flew a total distance of 4,400 mi. and carried 943 
passengers during a period of two months last fall. It differs 
from its prototype mainly by its slightly larger dimensions 
which were adopted in order to take a larger power plant, to 
increase the radius of action and to earry two additional 
passengers. 

As may be seen from the accompanying illustration, in the 
new Curtiss Eagle the center engine has been suppressed so 


| 


THe New Curtiss EaGte -CABIN PLANE IN CoURSE OF ASSEMBLY, FITTED witH Two OF THE New Curtiss TwELvE 400-HpP. 
ENGINES 


as to afford the pilot an unobstructed view forward; the two 
remaining power units, carried in wing nacelles, consist of 
the new Curtiss Twelve 400 hp. engine, model C-12, which is 
an improved design of the engine which carried Roland Rohilfs 
and the Curtiss Wasp to an altitude of 34,910 ft. last Septem- 
ber. This engine is remarkable for its light weight, for it 
weighs in running order only 675 lbs., or 1.69 Ib./b. hp. The 
new Eagle is designed to maintain altitude with full load of 
ten people on one of her engines or with both of her engines 
throttled down to half power. The importance of this ar- 
rangement with regard to safe operation is too obvious to re- 
quire comment, but one may add that by flying the machine 
under normal conditions with the engines well throttled down 
the life of the latter will be considerably increased. Maximum 
power output will be demanded from the engines only for tak- 
ing off and for special circumstances, such as fighting violent 
head winds, climbing out of an unfavorable level, etc. 

The new Curtiss Eagle has a span of 64 ft. 4 in., an overall 
length of 36 ft. 74% in. and an overall height of 12 ft. 11 in. 
The net weight is 5,310 Ib. and the gross weight 8,890 Ib., al- 
lowing a useful load of 3,380 lb. which is apportioned as fol- 


The New Curtiss Eagle Cabin Plane 





lows :—Fuel 1,600 Ib., 
(nine) 1,440 Ib. 

The maximum speed in horizontal flight, with 800 hp., is 
124.5 m.p.h.; the minimum flying speed in 56.2 m.p.h. The 
flying range at cruising speed is 750 mi., or about the distance 
between New York and Chicago. 

By reason of its luxurious appointments and economy of 
operation the new Curtiss Eagle is peculiarly adapted to the 
solution of the problems of aerial transport. The passenger 
eabin, which oecupies the forward portion of the fuselage, is 
equipped with every comfort of modern travel. The equip- 


oil 180 lb., pilot 160 lb. and passengers 





ment ineludes an electric starter controlled from the instru- 
ment board, which does away with the necessity of “ swinging 
the prop.” 





The New Curtiss Twelve Aircraft Engine 


The Motor Department of the Curtiss Aeroplane and Motor 
Corp. has completed for exhibition at the New York Aeronau- 
tical Show its Curtiss Twelve, 400 hp. aeronautical motor. 

Among the distinctive features of the Curtiss Twelve are 
its shape, compactness, and adaptability to streamline mount- 
ing. The motor is of the Vee type, water cooled, with two 
banks of six cylinders each, 60 deg. apart. The cubic space 
oceupied by the engine is comparatively small. 

The propeller is geared from the crank shaft by a special 
type reduction gearing which operates the propeller shaft at 
1350 r.p.m. The result is not only that a more efficient de- 
livery of power is secured, but that the center of thrust is 
raised and the propeller centered in the nose of the fuselage. 
Streamline mounting is accordingly possible, while in ungeared 
types enlargement of the lower portion of the fuselage to 
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center the propeller gives additional weight and considerable 
additional head resistance. 

The weight of the new Curtiss Twelve is 675 lb. with propel- 
ler hub, or less than 1.7 Ib. per horsepower. The elimination 
of rocker arms for intake and exhaust valves by the use of 





Sipe View OF THE New Curtiss TWELVE AIRCRAFT ENGINE 


overhead cam shafts and “ T” type cam followers, the simpli- 
fication of the water-cooling system, and the construction of a 
erank shaft of the seven bearing type which weighs but 49%, 
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lb. have been some of the features responsible for the unpre- 
cedented lightness of the motor. Not only is the Curtiss 
Twelve the lightest 400 hp. stationary engine in use, but it 
is also considerably lighter than many 300 hp. standard sta- 
tionary engines. 

Tests and data indicate a reliability of operation for the 
new motor as distinctive as its low weight. Oiling and cooling 
systems have shown themselves simple and effective in opera- 
tion. The oiling is of the full pressure feed type. By means 
of a duplex gear pump with oil leads in both' ends of the oil 
pan the lubricating system becomes: effective in all flying 
positions of the motor. Direct contact of water with the 
cylinder walls makes for a remarkably satisfactory cooling of 
the cylinders. Both magneto and carburetors are special 
developments which have made important contributions to the 
dependable performances of the motor. Finally, the direct 
operation of both intake and exhaust valves by overhead cam- 
shafts with specially designed “ T ” cam followers has simpli- 
fied the process of valve operation and make it thoroughly 
dependable, the “ T ” follower eliminating wear on valve stems 
with its undesirable possibilities of leakage. 

The motor, as a result of a number of the above-mentioned 
qualities, maintains a high mean effective pressure and has a 
high volumetric efficiency. It has shown exceptional quality 
for high altitude flying as well as for general dependability of 
operation. , 

One of the characteristics sought in the work of the Curtiss 
Motor Department with the C-12 was accessibility. All mov- 
ing parts are enclosed, but are at the same time thoroughly 
accessible for inspection or repair. The electric self-starter, 
especially designed for the motor is conveniently situated at 
the gear instead of the propeller end. 

In operation the C-12 shows a gasoline consumption of .508 
lb. per horse power hour. 


The Thomas-Morse MB-4: Mail Plane 


In response to bids for mail planes issued by the Post Office 
Department which. were opened the latter part of June, 1919, 
the Thomas-Morse Aircraft Corp. prepared a design complying 
in general with the specifications issued, which stipulated 
among other things that two or more motors of either the 
Liberty or Hispano-Suiza type were to be used. They also 
specified that a minimum of 1500 Ib. of mail should be carried 
at as great a speed as possible concurrent with a reasonable 
low landing speed, to cope with the small-sized fields from 
which the postal planes were forced to operate at that time. 

Believing that a compact, high-speed plane capable of flying 
satisfactorily on one motor and carrying the required comple- 


ment of mail would best represent service to the Postal Depart- 
ment, the Thomas-Morse engineers produced model MB-4. 

The Hispano-Suiza model H eight-cylinder motor was 
selected, and two of these are placed in a center nacelle, one 
driving a pusher propeller 8 ft. 2 in. in diameter, the other 
driving a tractor propeller of the same size. Both engines are 
operated by a single throttle lever which is so arranged that 
by rotating the handle horizontally, either engine can be inde- 
pendently speeded up or retarded, or if necessary shut off 
altogether. 

The arrangement of two engines in tandem driving cen- 
trally has. some material advantages over that in which the 
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engines (where two are used) are mounted in the wings, as in 
the event of one engine failing the entire driving power re- 
maining, operates at a considerable distance from the center 
of the machine, causing it to drag heavily on the rudder con- 
trols. It has been found that in the majority of cases a ma- 
chine of this type cannot fly for any material length of time 
on one motor without alighting. This should be entirely over- 
come in the above-mentioned design, and, although it is true 
that a small amount of propeller efficiency is sacrificed, it is 
believed that the gain in reliability and ease of operation will 
far outweigh any slight losses of efficiency. 
Construction 

The construction on these planes follows closely the lines of 
the Thomas-Morse single-seater fighter type MB-3. 

The use of three-ply veneer having poplar center and ma- 
hogany faces enters largely into the construction, as also does 
the use of streamlined steel wires, which have an exceedingly 
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The main planes, which are composed of seven wing sections, 
have ‘a chord, top and bottom, of 8 ft. 10 in. and a total sur- 
face area of 645 sq. ft. The span of the top plane is 45 ft. 6 
in. and that of the lower 42 ft. 6 in., the aspect ratio thus 
being 5.15 and 4.62 respectively. A RAF-15 wing curve is 
used. Both planes are set at an average angle of incidence 
of —14 deg., dihedral of 176 deg., gap of 6 ft. 3 in. and no 
stagger. 

The wing structure is built up of spruce spars and plywood 
ribs, internally braced by tierods. The interplane struts are 
laminated spruce and mahogany, and have a fineness ratio of 
4. Both lift and landing wires are streamline tierods. 

The. fuselage is composed of ash and spruce longitudinals, 
braced by tierods, and of spruce and mahogany erosspieces. 

Control is of the stick type, ailerons controls being operated 
by single tierods, rudders and elevators by double tierods. The 
area of the control surfaces is as follows: Ailerons (fitted to 
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low resistance, and which are used in sufficient numbers to 
insure adequate strength remaining in the event of failure, 
through fracture, of any one wire. 

The underearriage consists of two wheels 40 in. in diameter, 
having 6-in, tires, mounted well forward of the center of grav- 
ity, consequently reducing the risk of turning over on soft 
ground, which has been the cause of numerous accidents in 
early mail service planes. 

Some idea of the compactness of this machine may be gained 
when it is considered that the span, 45 ft. 6 in., is only 2 ft. 
more than that of a JN-4 plane, despite the fact that the horse- 
power of the latter is approximately one-seventh that of the 
former. 

It is estimated that a speed of 122 m.p.h. can be maintuined 
with both motors operating and a speed of 90 to 100 m.p.h. 
with one motor alone. 

In view of the low weight per horsepower carried in this 
machine, it is indicated that a climb of 9,000 ft. in ten minutes 
should be obtained with both motors operating and fully 2,000 
ft. in ten minutes with one motor alone. 

Dual control is provided, a complete set of controls and 
instruments being located in the nose of each fuselage. The 
master set, however, controls, as the emergency set is connected 
to the control members through the medium of rubber shock 
absorber bands allowing the chief pilot to overpower the 
efforts of his assistant should necessity arise. 

The mail is carried immediately aft of the pilot and pas- 
senger cockpits. in the side fuselages, the main gasoline tank 
being located in the center nacelle and a gravity service tank 
in the leading edge of the top wing. 

A single radiator placed in the center portion of the top 
wing provides cooling for both motors. This in turn is pro- 


vided with an adjustable shutter for controlling the tempera- 
ture to a nicety, according to altitude and outside temperature 
conditions. 





upper plane only), 44 sq. ft.; elevators, 34 sq. ft.; rudders, 
22 sq. ft.; horizontal fins, 16 sq. ft.; vertical fins, 4 sq. ft. 

The MB-4 weighs empty, fully equipped with instruments, 
3554 Ib. The instruments include two .20,000-ft. altimeters, 
two speed indicators, two tachometers, a gasoline shut-off valve, 
two fire extinguishers, two oil thermometers, two water ther- 
mometers, gas overflow, compass, clock, map case, primer and 
starting magneto. The useful load, including fuel load, is 
2010 lb. 

Specifications 

Overall Dimensions.—Length, 25 ft. 5 in.; spread, 451% ft.; 
height, 11 ft. 

Performance.—High speed, 122 m.p.h.; low speed, 53 m.p.h. ; 
climb in 10 min., 9000 ft. Factory of safety not less than 6 
fully loaded. 

Weight and Lift Data—Total weight (loaded), 5564 Ib.; 
area lifting surface (including ailerons), 645 sq. ft.;-loading 
per sq. ft. of-lifting surface, 8.65 lb.; required horsepower, 
680; weight of machine per horsepower, 8.2 lb.; angle of inci- 
dence (average) at high speed, —' deg.; angle of incidence 
(average), at low speed, +12 deg. 

Power Plant.—Hispano-Suiza Model H; rated horsepower, 
300; weight per b.h.p., 2.04 lb.; r.p.m., 1800; fuel capacity, 
140 gal.; fuel consumption, .54 lb. per b.hp.; oil capacity, 10 
gal.; oil consumption, .03 lb. per b.hp. 

Propeller—Two 2-blade tractors; weight, 27 lb.; diameter, 
9 ft. 2 in.; pitch, 7 ft. 5 in.; r.p.m., 1800. 





Fokker Airplanes Arrive 


Twelve Fokker pursuit airplanes, with 260-hp. Mercedes 
engines, have been received at the Aviation Repair Depot at 
Indianapolis, Ind. These machines were turned over to the 
United States by Germany in accordance with the terms of 
the armistice. 


























The Glenn L. Martin Torpedo Plane 








UNDERCARRIAGE OF THE GLENN Martin TorPepo PLANE, wiTH A 1560-Ls. REGULATION Navy ToRPEDO IN PLACE 


The Glenn L. Martin torpedo plane, the first machine of 
its kind built for the United States Navy, successfully passed 
its acceptance tests on Feb. 11, 1920, at Cleveland, Ohio. 
The firm is now engaged in the production of the remainder of 
the order for ten machines of this type, the introduction of 
which will open the way to new fields in naval warfare and 
promises eventually to render the present-day torpedo boat 
destroyer obsolete. Owing to the great speed and compara- 
tively small size of torpedo planes, these machines will be 
eapable of getting within firing range with a much smaller 
chance of being hit than has ever been possible with a tor- 
pedo boat; hence the offensive value of the torpedo will be 
greatly increased, whereas if the torpedo plane is hit the loss 
of life and material will be almost insignificant as compared 
with a destroyer, which carries a complement of some hun- 
dred men. 

The Martin torpedo plane has the same general specifica- 
tions as the well-known Martin bomber, from which it differs 
mainly by some minor details in design and equipment made 
necessary by the requirements of naval use. The span is 71 
ft. 5 in., the overall length 46 ft., and the overall height 14 


ft.; the power plant consists of two high-compression Liberty- 
Twelves, fitted in wing nacelles and driving tractor airscrews. 
The design of the main planes is “square” all around, there 
being no sweepback, stagger or dihedral. 

One of the main points of difference in the new plane is 
incorporated in the landing gear, which has been divided in 
the middle so as to permit the dropping of a Navy regulation 
torpedo of 1,560 lb., which is carried in a cradle underneath 
the fuselage. As the Martin torpedo plane is intended for 
work from shore stations or from the deck of aircraft carriers, 
it is not fitted with floats, but carries in addition to its stand- 
ard landing gear an emergency flotation gear in the form of 
air bags, which can be inflated from a compressed air tank. 
Thus, when the machine has fulfilled its mission it alights to 
the lee of its mothership and is hoisted on board. For this 
purpose “sky hooks” are provided on the upper main plane. 

Completely equipped for naval service, the Martin torpedo 
plane carries in addition to one 1,560-lb. torpedo, two ma- 
chine guns with ammunition, four hours’ fuel and a crew of 
three men. The contract performance, which called for a 
speed of 105 m. p. h., and a climb of 4,000 ft. in 10 min., was 
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largely exceeded upon trials. Piloted by Eric Springer, and 
with the full load above specified, the machine left the ground 
in 14 sec., and reached 4,000 ft. in 6 min. and 5,800 ft. in 10 
min. After completing the climb test Springer brought the 
plane down to a 1,000-ft. level and proceeded to make two 
trips over a measured mile course for the speed trial. His 
two trips averaged 112.25 m. p. h. which, when proper allow- 
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ance is made for altitude, will probably bring up the speed at 
ground level to 114 m. p. h. 

The trials of the machine were checked on behalf of the 
Navy by Comdr. N. B. Chase, U. S. N., and Lieut. E. B. 
Koger, U. S. N., who acted as flying observers, and by Lieut. 
J. P. Fitzpatrick, U. 8. N., and Ens. G. H. McCarthy, U. S. N., 
from the ground. 





The Orenco Type F 4-Seater Tourist Plane 


The Orenco four-place tourister’s most attractive feature 
is the double side-by-side seating arrangement that eliminates 
the feeling of isolation and lack of companionship usually as- 
sociated with all planes of the tandem type. The pilot and his 
three companions enjoy the convenient placing that gives such 
security and comfort and the congenial chumminess it pro- 


motes. Although shrewdly designed to be as compact as 
possible, affording the maximum protection against the 


weather, the two upholstered cockpits are easily accessible. 
Two passengers in the forward seats have plenty of room 
for freedom of movement, and for their protection an auto- 


ber of spare parts are necessary. Standardization has been 
carried out wherever a duplication of parts would effect a 
saving, for new parts and fittings can always be promptly 
procured with the assurance of perfect fit. 

General dimensions of the Type F are as follows: Span 
of both upper and lower wings, 38 ft. Length, 24 ft. 10 in. 
Wing area, 355 sq. ft.; as the weight of the plane fully loaded 
is 2300 Ib., the loading per sq. ft. is 6.48 lb. With a 150-hp. 
Wright-Hispano engine, the power loading is 15.2 lb./hp. 

Carrying a pilot, three passengers, baggage and fuel totai- 
ling 955 lb. in weight, the Type F ean cover a distance of 
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THREE-QUARTER FRONT VIEW OF THE 


mobile type wind shield is mounted forward of the cockpit. 
The pilot and his companion in the rear cockpit are pro- 
vided with two separate and complete controls that enable 
either to guide the plane. By this arrangement the pilot 
ean observe just how the plane is being handled and can in- 
stantly resume control in an emergency or near the ground. 
In this manner the average person can quickly acquire the 
art of piloting the machine. The sportsman can give his 
friends a better appreciation of flight’s mystery for they ean 
actually see his movements and the corresponding manoeuver- 
ing of the aeroplane. Whether it is for the novelty or as 
a practical business proposition, the side-by-side seating ar- 
rangement has many definite points of superiority over the 
old tandem plane. 

The nicely streamlined body is pleasing in appearance 
its finish is equal to the finest automobile both in attractive- 
ness and serviceability. Parts are easily reached for making 
adjustments, repairs and installations. Main wings are 
identical in plan, wing struts are all similar and interchange- 
able with one another, which means that only a limited num- 


and 


Orenco F Tourtst PLANE 


about 290 mi. at the rate of 90 m.p.h. For shorter trips 
less fuel may be earried which will permit taking on addi- 
tional luggage, ete. The gasoline tank under the forward 
seat has a capacity for 250 lb. of fuel; it is located at the 
center of gravity, where a lightening of the fuel load does 
not alter the balance of the machine. All the seats are lo- 
eated close to the center of gravity and whether carrying 
only the pilot or its full capacity of four persons, proper 
flying trim is always inherently maintained. 

In taking off for flight the machine leaves the ground after 
a run of about 350 ft., and in landing comes to a complete 
rest after a run of 300 ft. With full load an altitude of 
5000 ft. is reached in 9 min., but with a lighter load the 
climb rate is much more rapid. Near the ground the speed 
range is 90-45 m.p.h The slow landing speed is especially 
conducive to well chosen landings, and this, with the wide 
wheel track and generous shock-absorbers assure landings 
which neither strain the machine nor jar the occupants, even 
in fairly uneven fields. The large control surfaces and their 
ease of operation facilitate positive precision in all man- 
oeuvres. 

















The Owl freight plane was designed and built by the L. W. 
F. Engineering Co., principally to satisfy the need for ade- 
quate mail transports in this country. It is a land machine 
of 1200 hp. with a useful load of 7,600 Ib. 

The design is of the twin fuselage and center nacelle type, 
and by installing one of three different nacelles, it may be 
used for transporting mail or express, passenger carrying, 
or night bombing. 

Construction 


The outstanding features that identify this machine among 
others, are the monocoque fuselage and nacelle, the inter- 
communicating gasoline system and the fire extinguishing 





The L. W. F. Owl Freight Plane 


center of gravity falls sufficiently far back of the wheels to 
prevent any tendency to nose over. 
Specifications 
General Dimensions.—Both upper and lower planes have an 
overall span of 105 ft. and a chord of 11 ft. The upper plane 
has an angle of incidence of 44% deg. and the lower plane 312 
deg. The interplane gap is 11 ft.; there is no stagger, sweep- 
back or dihedral. The wing curve used is the U. 8. A. No. 6. 
Each plane, excluding the ailerons, has a surface area of 1,000 
sq. ft., and each of the four ailerons is 50 sq. ft. in area; the 
total wing area is thus 2,200 sq. ft. The surface areas of the 
empennage are as follows: horizontal fins (upper and lower), 
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system. The wing construction is of the Pratt truss type and 
consists of three upper and three lower panels of 11 ft. chord 
and equal spans with an 11-ft. gap. Each wing is equippe.l 
with balanced interchangeable ailerons. Ribs are built up 
first and then slipped over the beams which are built up of 
four pieces, thus forming a hollow box section; the top and 
bottom are of spruce and the sides of birch. The internal 
wire bracing is double and of No. 8 solid piano wire and 3/16 
in. hard cable. All external wire fittings are applied directly 
to the beams and project through the covering. 

The fuselages and the nacelle are supported between the 
upper and lower planes on tubular struts which are thoroughly 
streamlined. A 12-cyl., high compression Liberty engine is 
streamlined into the nose of each fuselage and the nacelle, 
each engine driving ‘a tractor propeller. The main load and 
erew are carried in the nacelle, while each fuselage carries 
its complete power plant and has a small auxiliary compart- 
ment for excess mail or cargo. 

Each power plant is complete within its respective fuse- 
lage or nacelle and consists of a 12-cyl. Liberty engine driv- 
ing a 6 ft. 6 in. tractor and equipped with Splitdorf ignition, 
electric starters and compression release. The radiators are 
above the motors, directly in the blast of the propeller and 
equipped with individual shutter controls. 

The tail is of the biplane type, attached to the rear end 
of the two fuselages. It consists of two double cambered 
horizontal stabilizer planes, superimposed, with elevators at- 
tached and a fin on the top of each fuselage followed by a 
balanced rudder. A third balanced rudder is installed mid- 


way between the two. 

The landing gear is of the six-wheel, two-axle type, with 
the outer two wheels side by side directly under the center of 
each fuselage and the other two wheels spaced equally be- 
The landing gear is so placed that when. landing, the 


tween. 


103 


174.4 sq. ft.; vertical fins (two), 28 sq. ft.; rudders (three), 
78.9 sq. ft. 

The overall length of the airplane is 53 ft. 914 in. and the 
overall height 17 ft. 6 in. 

Weights and Loading.—The machine weighs empty 12,600 
lb. and fully loaded about 20,000 Ib.; the useful load is thus 
7,600 lb. The wing loading is 9.1 lb./sq. ft. and the power 
loading 16.6 lb./b.hp. 


The L. W. F. Butterfly 


The L. W. F. Butterfly sport airplane is one of the smallest 
flying machines that have been produced in this country. In 
this design an effort has been made to produce a machine that 
would combine good flying qualities with low cost of produc- 
tion and upkeep, so as to be particularly attractive to the 
aviator-owner. 

The Butterfly is a one-place rigid truss monoplane of very 
pleasing appearance, which is due to the clean lines of its 
design. The L.W.F. Cato horizontal opposed cylinder engine 
happily blends into the nicely streamlined fuselage of ply- 
wood, leaving only the cylinders exposed to the air, while the 
wing truss and landing gear members, all steel tubes, are so 
arranged as to create a minimum of head resistance. The 
wings, ailerons and tail surfaces are easily detachable and 
many of the parts are interchangeable, thus facilitating 
repair. The wings are attached flush with the top of the fusel- 
age so that the pilot has an unobstructed view forward, while 
at the same time he can watch the ground sideways through 
the split of the wings on either side of the fuselage. 

Specifications—The wings have an ovérall span of 29 ft. 
9 in. and a chord of 84 in., which gives a supporting surface 
of 176.5 sq. ft., including two ailerons of 10.5 sq. ft. each. As 
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the gross weight of the machine is 918 lb., the wing loading 
works out at 4.9 lb./sq. ft. The wing curve is a Cato-4. 

The overall length is 19 ft. and the overall height 5 ft. 10 in. 
The areas of the tail surfaces are as follows: elevators (each), 
6.5 sq. ft.; stabilizer, 6 sq. ft.; vertical fin, 3.75 sq. ft.; rudder, 
6.5 sq. ft. 

The power plant is an L.W.F. Cato 2-cyl. horizontal opposed 
air-e %led four-stroke type engine. It has a bore of 5 in. and 
a stroke of 6 in., with valves in the cylinder heads, and de- 
velops 72 b.hp. at 1,825 r.p.m. The area of the piston head 


is 19.635 sq. in., the swept volume 117.88 ecu. in., the piston 
displacement 235.62 cu. in. and the total volume, including 
clearance volume, 152.97 eu. in. The compression ratio is 
4.33 to 1. The engine weighs in running order 154 lb. 

The net weight of the Butterfly is 595 lb. and the useful load 
383 lb., which gives a gross weight of 918 lb. The power 
loading is 13.5 lb./b.hp. 

The high speed in horizontal flight is about 72 m.p.b. and 
the low speed is estimated at 22 m.p.h. The climb is 4.800 ft. 
in 10 min. and the radius of action at full throttle 6 hr. 


The Farman Sport Airplane 


The Farman Sport airplane, which is illustrated herewith, 
is the latest of the numerous successful products of the vet- 
eran airplane builders of France. 

This machine has been designed with the distinet view to 
providing a touring airplane which would be low priced in 
initial outlay and economic in operation. As a result the 
Farman Sport airplane embodies constructional features which 
permit rapid production and easy repairing. 

The wings are of the square type, that is, they have neither 
sweepback nor dihedral, and the wing tips are straight sided. 
The overall span is 23 ft. 3 in. and the overall length 19 ft. 
11 in. The interplane bracing consists of four vertical center 
section struts and two N-struts near the wing tips. Ailerons 
are carried on the upper plane only. 

The fuselage is of the four-longeron type, with Wooden 
cross pieces and wire bracing. The empennage consists of 
a horizontal stabilizer, an unbalaneed elevator and an unbal- 
anced rudder. The undercarriage is of the V type, the wheels 
being sprung on rubber shock absorbers. 

The power plant consists of the new Gnome-Rhone 60 hp. 


a 


rotary air-cooled engine, which consumes 3 gal. per hour and 
gives the airplane a high speed of from 80 to 85 m.p.h. The 
low speed is about 30 m.p.h., the take-off 40 yds. and the eruis- 
ing radius 3% hr. 

The Farman Sport plane weighs empty 460 lb. and fully 
loaded 900 Ib. 


Portable Engine Cranker 


A portable engine cranker designed and built under the 
supervision of the Equipment Section, Engineering Division, 
McCook Field, was successfully demonstrated Dee. 19, 1919. 
The design allows for the cranking of engines mounted in 
various airplanes, ranging from the Curtiss training plane to 
the Martin bombing types, on rough and uneven ground. Thé 
outstanding feature of this cranker is that it will accommodate 
all right-hand engines fitted with a standard hub, not mounting 
a spinner. It develops a starting torque 50 per cent greater 
than that necessary to turn over a cold Liberty-12. 
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General.—This mail plane was designed and constructed with 
the distinct idea of permitting the use of as many parts of the 
standard DH-4 as possible in the construction of an economical 
twin-engine machine. Such parts as were used were not 
changed in any manner excepting reinforcements where 
necessary. , 

The J-2 is a medium size airplane of 420 hp. and is char- 
acterized by two superimposed main planes of equal span, a 
central fuselage and two engine nacelles between the wings. 
This construction helps to eliminate fire risk, as no fuel is car- 
ried in the wing nacelles, and it also simplifies the loading and 
unloading of the mail, since the mail compartment is located 
in the nose of the fuselage and is thus readily accessible. 

Specifications.—The J-2 has a span, top and bottom, of 56 
ft. 954 in., an overall length of 31 ft. 2 in., and an overall 


The Model J-2 Mail Plane 





front cockpit. The rear part of the fuselage is strengthened 
so as to support adequately the new empennage. 

The wing nacelles consist simply of an engine housing sup- 
ported by wing struts. The engine is carefully enclosed in a 
housing of aluminum sheeting so as to reduce head resistance 
and to protect the engine from inclement weather. 

Power Plant.—The power plant consists of two Hall-Seott 
L-6 vertical 6-cyl. water-cooled engines, each of which develops 
200 hp. at 1,600 r.p.m. The airserews are tractors of 8 ft. 8 in. 
diameter and 6 ft. 6 in. pitch; their rotation, as viewed from 
the pilot’s cockpit, is clockwise. The power loading is 13.87 
lb. per b.hp. 

The radiators are located directly above and in front of each 
engine, that is, in a position which assures the maximum air 
blast from the propellers. Specially designed shutters, which 
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height of 11 ft. Fitted with two Hall-Scott L-6 engines, the 
machine carries besides the pilot and fuel for 4 hr. flight, a 
mail load of 650 lb., which represents a useful load of 1.763 
Ib., or 31.8 per cent of the gross weight, the latter being 
5,550 Ib. 

The performances are as follows: high speed, 105 m.p.h. at 
ground level, 104 m.p.h. at 4,500 ft., 102 m.p.h. at 9,000 ft., 
and 98 m.p.h. at 13,500 ft.; low speed at ground level 53 
m.p.h.; climb, 4,500 ft. in 5 min. Ceiling 18,000 ft. Full 
speed endurance 4 hr., including climb to 5,000 ft. 

Main Planes.—The wing structure is composed of the reg- 
ular DH-4 planes in the outer panels and of special 12-ft. center 
panels which have the outer connections so designed as to per- 
mit the use of the standard DH-4 fittings, The ribs in the 
center panel are of general DH-4 type; special box webs and 
hollow compression struts are used, however. 

The engine struts and the wing struts used in the center 
section are of mild seamless steel tubing, excepting the four 
fuselage struts, which are of spruce. All exposed steel struts 
are carefully faired with balsawood. The minimum safety 
factor of the wing structure is 6. 

The wing curve is the R.A.F. 15, with a chord of 5 ft. 6 in. 
and an apsect ratio of 10.3. The wings are set at an angle of 
incidence of 3 deg., with the outer panels having a dihedral 
of 3 deg. There is no stagger, sweepback or decalage. “The 
interplane gap is 5 ft. 8 in. 

The main planes, not including the ailerons, of which there 
are four, have a total area of 533.44 sq. ft., and each aileron 
has an area of 17.64 sq. ft. The total supporting area is thus 
604 sq. ft., which with the gross weight of 5,550 Ib. gives a wing 
loading of 9.18 lb. per sq. ft. 

Fuselage and Nacelles.—The fuselage is the standard DH-4 
fuselage with the following modifications: The Liberty-Twelve 
has been removed and the resulting free space remodeled into 
a mail compartment; the pilot cockpit has been transferred 
to the rear gunner’s position and a larger gasoline tank has 
been fitted in the place of the old fuel tank and the former 
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are controllable from the pilot’s cockpit, permit to vary the 
cooling area of the radiators. The latter are incidentally 
designed with excess cooling surface, so that the machine may 
fly on one engine without risk of overheating, while the shutters 
take care of excess radiation when flying on both engines. 

The requisite gasoline, oil and engine controls are all oper- 
ated from the pilot’s cockpit. The fuel and oil connections, 
as well as the control leads, are carried from the wing nacelles 
to the fuselage through streamline tubes. The fuel is fed 
primarily by air pressure, which is maintained by a hand 
pump. In ease of failure of the pressure feed system a 
gravity system is provided. For this emergency a single grav- 
ity tank supplies both engines and contains sufficient fuel for 
the operation of both engines at full speed for one half hour. 

A transmission thermometer on the instrument board indi- 
cates the water temperature of each engine. 

Tail Planes.—The tail planes of the J-2 differ from those 
of the DH-4 in that the area of elevators and stabilizers is 
greater and that a large single balanced rudder is employed. 
The stabilizer incidence adjustment gear of the DH-4 has been 
removed and the stabilizer fixed at neutral incidence. The 
whole empennage is reinforced by means of streamline steel 
tubes and cables. 

The two horizontal stabilizers have a total area of 38.42 sq. 
ft. and the two elevators a total area of 24 sq. ft. The vertical 
fin has an area of 6.81 sq. ft. and the rudder 20 sq. ft. 

The tail skid is of the standard DH-4 type. 

Landing Gear.—A special landing gear is one of the features 
of the J-2. This consists of the regular L-W-F landing gear 
for single engine airplanes. A pair of steel tube struts are 
fitted to the outer ends of the axle and are carried up to the 
under side of the lower wings to a point where the engine 
struts abut against the front wing spar. Suitable shock ab- 
sorbers are fitted to these struts so as- to permit the axle to 
move up and down. Two standard wheels are mounted on each 
end of the axle inside of the tubular struts. Both steel tubes 
are carefully streamlined. 
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The whole landing gear is so placed that on alighting the 
center of gravity falls sufficiently aft of the wheels to prevent 
any tendency to nose over. The tread of the wheels is. 6 ft. 
2 in. 

Controls and Instruments.—The flight controls are of the 
Dep type, with control lever and front bar. The spark levers, 
throttles, radiator shutter levers and other controls are con- 
veniently arranged within the pilot’s reach. An instrument 
board bearing an individual set of instruments for each power 
unit, besides those required for general control, is mounted in 
the cockpit. 


.The Packard Fuelizer 


The failure of a cold engine to respond to the throttle has 
been responsible for a great many accidents in landing and 
at all times is an ever present menace to the most skillful pilot. 
It must be remembered that even in midsummer it is intensely 
cold at altitudes of 15,000 ft. and over. When a pilot glides 
down from some such altitude to make a landing his engine, 
being throttled down, cools off very rapidly and at a critical 
time just previous to landing, when he may need a sudden spurt 
of power to take him over some hitherto unseen obstacle or to 
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correct an error of judgment, the engine may fail to “ take 
the throttle.” This leaves the pilot helpless and a bad landing 
will inevitably result, sometimes with serious consequences. 

When Col. J. G. Vincent, vice-president of engineering, 
Packard Motor Car Co., and co-designer of the Liberty engine, 
left the service of the Army at the close of the war, he realized 
that this possibility of engine failure at a critical time was the 
most serious handicap commercial aviation had to face, and he 
consequently bent all his energies towards solving this difficulty. 
At the same time the Packard Co. had a somewhat similar 
problem to face in the automobile field with the low grade 
fuels which the enormous growth of the automobile industry 
compelled us to use. These heavy fuels were threatening the 
very foundations of the industry, engines were hard to start 
and harder to run in cold weather. Spark plug fouling, car- 
bonizing, faulty lubrication due to kerosene diluting the lubri- 
eating oil, and greatly increased wear and tear of the engine 
were the direct result of this fuel situation. This was a critical 
state of affairs, and recognizing the similarity of the problems 
faced by the airplane engine, the Packard Motor Car Co. 
devoted its extensive resources to the dual problem, and as a 
result of months of intensive day and night experimental work 
the Fuelizer was evolved. 

The Fuelizer forms an adjunet to the carburetting system of 
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an engine and has the duty of supplying exactly the amount 
of heat required to vaporize the fuel under all conditions. 
There had been many attemps to do this, but they had all failed 
to accomplish what was really required. Maximum heat under 
low throttle conditions and minimum heat under wide open 
throttle conditions are the fundamental requirements, and the 
Fuelizer accomplishes this perfectly by very simple means. 
The Fuelizer consists of a burner in conjunction with a minia- 
ture carburetor and automatically regulates the amount of 
heat supplied to the intake header without a single moving part. 

This essential characteristic of proper heat control is arrived 
at by taking advantage of pressure conditions on either side of 
the engine throttle. A by-pass or shunt is provided around the 
throttle, and this passage supplies the mixture of air and gaso- 
line to the burner. After combustion has taken place in the 
burner the burnt gases join the main mixture which has gone 
by the engine throttle and an intense heat is imparted to the 
mixture. As the throttle is gradually opened there is less and 
less tendency for the mixture to take the by-pass through the 
burner, and consequently the burner gradually goes out of 
action and at wide open throttle it is supplying no heat at all 
to the mixture, which is exactly the result aimed at. 

The influence of the Fuelizer on the engine is immediately 
apparent and tests run day and night on the road under ex- 
treme climatic conditions varying from 100 deg. in the shade to 
10 deg. below zero have proved the claim that the Fuelizer 
makes the engine independent of seasonal changes, allows the 
use of much heavier fuels than we are using today with far 
better results than we have been accustomed to in the past, and 
removes all possibility of spark plug fouling, ecrankease dilu- 
tion and premature wearing out of the engine. 

The Packard 1A-1650 aircraft engine, which is herewith 
illustrated and which will be exhibited at the forthcoming 
Aeronautical Show in New York, will give the public the first 
opportunity of inspecting the application of the Fuelizer to an 
aireraft engine. In Colonel Vincent’s estimation the Fuelizer 
constitutes the final step towards preventing engine failure in 
the air, which should do much to popularize commercial avia- 
tion. 


A Letter 

Editor, AVIATION AND AERONAUTICAL ENGINEERING—I have 
read with much interest the article on Aeromarine Aerial Mail 
Delivery System, by Paul G. Zimmerman. 

Why not deliver this mail by allowing it to dangle from the 
end of a shock-absorbing rope and have a long ecat-o-nine tail 
of shock-absorbing cord attached to the mail bag so that the 
sat-o-nine tail would engage the rigging of the vessel, and the 
aviator, as soon as he felt the drag of the shock-absorbing rope, 
showing that the burden has so engaged the rigging, would 
east loose his shock-absorbing rope by any device suitable for 
this purpose. 

| have myself picked up burdens in flight up to a weight of 
155 lb. with the help of a shock-absorbing rope, and know from 
experience that an ordinary small airplane can carry 155 Ib. 
in the form of two big bags at the end of a shock-absorbing 
rope without any serious inconvenience, for I picked up this 
weight from a moving sea-sled on October 3, 1918, soaring to 
a height of 150 ft., and then my assistant disengaged the shock- 
absorbing rope and we recovered the bags and the rope by 
means of a buoy attached to the upper end of the rope. 

A still simpler method is to throw the bag, releasing by a 
suitable catch, into a large elastic net, hanging to four masts 
by shock-absorbing cords. Apparatus suitable for this pur- 
pose was prepared by me at Hampton Roads and is probably 
now available for the Navy to try out this plan if they are 
willing to do so. : 

These shock-absorbing ropes have a total elongation of 400 
per cent before they part, which makes up the strain due to 
horizontal acceleration, whether in picking up a burden or 
depositing it. Of course, in the latter case the aeceleration is 
a minus acceleration, and in either case the maximum strain 
on the rope due to horizontal acceleration wiii be proportionate 
directly to the weight and to the square of the velocity of the 
airplane relative to the burden in picking up a burden, or of 
the burden relative to the net in which it is eaught in deposit- 


ing a burden. é 
Goprrey L. CaBorT. 























The Zodiac Airship ZD-US 1 


By John Jay Ide 





Lieut. (j. g.) U.S. N. R. F. 
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GENERAL VIEW OF THE New Nava AirsuHip ZD-US 1 Durinc Her TRIALS IN FRANCE 


During the war six airships were delivered to the United 
States Navy by the French government. At the signing of 
the armistice six additional airships which had been likewise 
ordered by our naval authorities were under construction. 
After the cessation of hostilities work was continued on only 
three of these craft of which the first to be completed, built by 
the Zodiac Co. and named the ZD-US 1, had very satisfactory 
tests preparatory to being shipped to America where it has 
since arrived. 

This class of airships, of 328,000 cubic feet capacity, was 
designed to carry the very heavy armament of a 75 mm. (2.95 
in.) gun forward, a machine gun aft, 2 bombs of 260 lb. and 
4 of 110 lb. In order to provide sufficient comfort for the crew 


of ten men in carrying out patrols of long duration, the engines 
were placed as far away as possible from the navigating room, 
which is entirely enclosed by windows. Another improvement 
over earlier French designs lay in the position of the wireless 
telegraph installation, which instead of being at the stern of 
the car was placed in the navigating room. 

The 75 mm. gun is placed in the extreme bow of the ear. 
In order not to interfere with the field of view ahead of the 
pilots, the gun platform is dropped two feet below the level of 
the floor of the navigating room. 

The gun, by far the most powerful used successfully on air- 
craft, fires a 13-lb. projectile with an initial velocity of 1300 
ft. per see. The recoil is between 4400 and 6600 Ib. The 
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problem of making the car and suspension strong enough to 
take the recoil while preserving the requisite lightness of con- 
struction presented great difficulties, particularly in view of the 
fact that in an anti-submarine attack it may be necessary to 
fire the gun vertically downward. The measures taken to 
absorb the shock of the recoil have proved absolutely satis- 
factory. 

Immediately aft of the gun platform is a very large and 
comfortable navigating room. The view from this room is 
exceedingly good, as not only are there windows all around the 
sides, but transparent panels are also placed in the overhang 
beyond the gunwale of the car, giving a satisfactory downward 
view without having to open the windows. In addition there 
are large transparent panels placed in the roof. 

The airship is equipped with two Renault twelve cylinder 


water-cooled V type engines giving 220 hp. each at 1300 r.p.m. 
The engines, mounted outboard on pylons, are provided with 
electric self-starters. The two-bladed propellers of 11.4 ft. 
diameter are driven direct. 

The ballonets are kept inflated with air by means of scoops 
fitted on each side of the car placed in the slipstreams of the 
propellers. An 8 hp. auxiliary motor operates a blower for 
use when the engines are stopped. 

The characteristics of the ZD-US 1 are as follows: Type, 
nonrigid. Rigging, external, Length of envelope, 262.5 ft. 
Diameter, 50.2 ft. Width over fins, 59 ft. Overall height, 72.2 
ft. Length of car, 54.7 ft. Width of car, 4.9 ft. Maximum 
speed 50 m.p.h. Cruising speed, 40 m.p.h. Endurance, 14 hr. 
at full speed and 30 hr. at cruising speed. 
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Short Sporting Type Seaplane 























Front AND SIDE VIEWS OF THE SHORT SpoRTING SEAPLANE WITH WINGS EXTENDED 


The Short sporting type seaplane is designed as a general 
utility machine. The functions it will fill are numerous, and 
for convenience can be described under two headings :—umili- 
tary and commercial. 

Military.— Accommodation is provided for pilot and three 
passengers. The seating arrangements are:—the two front 
seats tandem fashion and provided with dual control, the 
rear seats side-by-side. Thus it will be possible to carry out 
tuition work not only in flying, but in gunnery, wireless, 
photography and bombing. For these latter, pilot instructor 
and pupil can be accommodated, plenty of room being pro- 
vided in the rear seats for wireless, guns or cameras. The 
view from the rear seat is excellent, and good ares of fire are 
obtained. For the above work the machine is fitted with a 
160 h.p. Beardmore engine, as a high performance is not 
required and economy in fuel is very necessary. 

Commercial.—For tuition, passenger work or the trans- 
port of small quantities of freight the machine is most suita- 
ble, and will fill the requirements of :— 

(1). The sporting man who wishes to purchase a machine 
in which he can learn to fly and take his friends for flights. 

(2). The experienced pilot who is desirous of running 
a passenger carrying and tuition machine at a seaside resort 
as a commercial undertaking. 

(3). Companies owning factories, i. e., holdings on rivers 
and lakes who require a quick method of transport for their 
officials, and for light parcels and mails. 

The machine is designed on the standard lines of the well- 
known Short seaplanes, and therefore embodies all those 
important details of construction which have been evolved 
during seven years of hard experience. Particular attention 
has been paid to making the machine safe in landing and 


getting off the water, and to achieve this object some reduc- 
tion in the possible speed attained of a machine of this size 
and power has been made. 

A valuable feature in the design is that the machine is made 
to fold into small compass by means of the Short Patent 
Folding Wing System which permits the machine being housed 
in a shed of very small dimensions. The actual size of the 
machine folded is 15 ft. wide x 33 ft. long x 12 ft. high. 

To beach the machine an axle is passed through prepared 
holes in the boats, wheels are attached to each end, and the 
machine can then be handled by two or three men with great 
ease. To assist handling on the ground a detachable wheel 
is fixed to the tail post, thus allowing the machine to be 
swung round or maneuvered in its shed with the greatest 
facility. 

The floats of the machine are combining great strength and 
rigidity with lightness. A feature of the design is the curved 
bottom of the floats. This ensures quick get-away, and mini- 
mizes the shock of landing, but is of particular importance 
when beaching the machine. Owing to the curvature, the 
bottom of the float does not touch the ground, all the wear 
and tear being taken by runners which are attached to the 
slides of the floats. These act like skids and are shod with 
metal to give greater durability. 

Specifications —The Short sporting seaplane has a span, 
top and bottom, of 44 ft. an overall length of 33 ft.-and an 
overall height of 12 ft. The wing area is 550 sq. ft. and the 
wing loading 62 Ib. sq. ft. Fitted with a 160 hp. Beardmore 
engine the machine has a high speed of 83 m.p.h. and carri¢s 
sufficient fuel and oil for 3 hr. flight. The climb is 10,000. ft, 
in 35 min. The weight empty is 2,095 lb. and fully’ loaded 
3,100 Ib. is! 








REAR AND Front VIEWS OF THE SHORT SporTING SEAPLANE WITH WINGS FOLDED 


109 












Resume of Wind Tunnel Tests of Airship Envelopes 


By Comdr. J. C. Hunsaker (C. C.) U.S. N. 


Upon the termination of the recent printers’ strike there was 
published in the Dec. 1, 1919, issue of AVIATION AND AERO- 
NAUTICAL ENGINEERING an article of the above title. As various 
printing errors occurred in this article owing to hurried proof- 
reading, a corrected version is reprinted herewith.—EbITOorR. 

A large number of stream-line bodies have been tested in the 
8 ft. 8 in. wind tunnel of the Washington Navy Yard, and 
without going into details of these tests certain conclusions of 
general interest may be given. 

The resistance in a relative wing velocity V is expressed by 
the formula 


R= c & (Volume) 2/3y2 
g 
where— is the mass density of the air and C, a coefficient which 


is nearly constant. The form having the lowest value of the 
coefficient C has the least resistance for a given volume or 
buoyancy. The expression was first proposed by Prandtl and 
is in general use. 

In the course of tests on various forms the coefficient C has 
been found to vary as a function of the velocity, which for the 
usual shapes lies between V~°® and V--1*. This is equivalent 
to a variation with the quantity VZ and is in accord with the 
dimensional theory. The resistance can vary as V* only when 
it is due to eddy-making. Good stream-line forms have a 
minimum of eddy-making resistance combined with a rela- 
tively large amount of skin friction. In fact, for seven models 
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German Development in Rigid Airship Design 


of very different shapes, representing seven actual airships, 
the skin friction as computed by Zahm’s formula 

R, = .00000778bL°"’V""* 
is from 79 to 93 per cent of the total resistance observed. 

The ratio of resistance of a model to the resistance of a disk 
equal in area to its maximum cross section‘is known as the 
“ disk-ratio,” and it varies between 1/15 and 1/17 for good 
shapes. 

The resistances as measured do not vary as V*, but as some 
lower power. Individual models show exponents between 1.85 
and 1.92. 

Yawing moments about the center of volume, as determined 
for several models, indicate practically no difference at small 
angles. It appears immaterial what form of bow or stern is 
used, within reasonable limits. 

The shape of the mid-body has the most important effect 
on resistance. Bow and stern are less important. A parallel 
mid-body is disadvantageous; an added length equal to one 
diameter may increase the resistance 15 per cent. 

The form of the bow is slightly more important than the 
stern. A pointed nose can be replaced by a rounded one of 
good shape without change in resistance. A long, fine or con- 
ical tail is worse than a shorter, rounded one of easy curva- 
ture. The most advantageous fineness ratio appears to lie 
between 5 and 6. 

The above notes apply only to good forms. The forms vary 
in resistanee, depending on shape, not more than 8 per cent 
above or below the average for the series. 
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The Goodyear Automatic Gas Valve 


By A. G. Maranville 





Aero Design Dept., The Goodyear Tire and Rubber Co. 


The following summary of the practical features of the 
Goodyear automatic gas valve is a result of several months 
experience and includes all the minor improvements made up 
to this time. 

Pressure Adjustment—The adjustment of the pressure on 
this valve requires no tools whatever for adjusting, a knob 
beig carried to the outside of the valve dome giving perfect 
accessibility and allowing the valve to be adjusted between 
limits of 20 and 60 mm. (with the standard springs). 

Ball Bearing Joints——Since friction increases the pressure 
limits between which the valve opens and closes, it is self 
evident that a sensitive vglve which works in such low pressure 
limits as required should be as frictionless as possible. All 
moving joints in this valve are equipped with ball bearings to 
reduce this friction to a minimum which also climinates con- 
siderable attention after installation. 

Roller Bearing Stem.—To further reduce the friction on the 
valve the stem of the valve is equipped with adjustable roller 
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- bearings which also minimizes the friction in the valve and 


prevents the possibility of the stem binding due to wind resist- 
ance on dome or irregular forces. 

The Decreasing Spring Tension.—One of the most important 
duties of an automatic gas valve is the maintenance of a con- 
stant volume in the gas bag at a constant pressure. The 
ordinary type cannot attain the constant volume and pressure 
since the spring tension actuating the valve increases as the 
valve is opened. In the Goodyear valve the lever system is so 
designed that it gives a decreasing tension on the valve which 
results in a maintenance of the constant volume and pressure 
in the balloon. 

Emergency Closing Device.—For safety of airship operation 
an emergency closing device has been developed on this valve to 
prevent the possibility of its sticking open. The necessity of 
this device may be easily seen and its effectiveness and sim- 
plicity of design has been amply proven. The positive closing 
eord as now furnished is distinct from the opening cord, but a 
combination device which combines the two functions in one 
cord has recently been tried with success. 

Attachment. Gasket.—The valve is attached to the envelope 
by a special molded gasket which insures a good fit. A very 
simple clamping ring with wing nuts is used to hold the valve 
in place. 

Weight of Valwe.—The weight of the valve is approximately 
16 lb., which is no less than is consistent with good design. 

Leakage.—The leakage on the present valve has been reduced 
to less than 1/100 of one per cent of the volume of a 100,000 
cu. ft. envelope per day. 

Resistance to Weather——The ball and roller bearings which 
are coated with grease meet all weather conditions, especially 
corrosion. In addition the use of a pair of rubber gaskets 
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(rubber against rubber) prevents any possibility of the valve 
freezing shut due to sweating of the metal on the gasket. 

Gaskets.—Two lip type gaskets are used in this valve, which 
make it very sensitive on opening and closing; in fact very 
little pressure is required on the dome to hold it shut, for the 
lips of the gasket form a natural seal themselves. The double 
= gaskets also account for the extremely low leakage in this 
valve. 

Static Wiring.—Great care is taken to positively connect all 
parts. This connection between the clamping ring and inner 
frame is insured by the wing nuts and bolts. Between the dome 
and frame a flexible wire connection is made before the valve 
leaves the factory. 4 

Performance.—In actual service the Goodyear automatic 
valves have proven far more satisfactory than any other type 
of automatic valve which has been so far developed. For 

















GOODYEAR VALVE, OPEN 


example one may quote from a letter from Lieutenant-Colonel 
Jouett covering a report on the Army Airship A-4: “The 
functioning of the valve is easier and more positive than any 
other valve. In functioning the valve opens wider and closes 
quicker as a greater volume of gas is let out in a shorter time. 
The adjustment of the valve is very simple, requiring no tools. 
If the valve is wanted to function at 11% in. pressure it will 
function at that pressure and close before the pressure drops 
much below that which it is set for, whereas other valves go 
below and quite often stick open.” 





S. A. E. Aeronautical Meeting 


The Society of Automotive Engineers will hold on March 
10, 1920, at 2 p. m., in the Engineering Societies Building, 29 
West 39th Street, New York, an aeronautical meeting at which 
various papers dealing with aeronautics and aircraft design 
will be read. 

The tentative program is as follows: 

Possible Airplane Performance with Maintenance of Engine 
Power at all Altitudes, by Col. V. E. Clark. 

Consideration of Landing Run and Getaway by Standard 
Type Airplanes, by Alexander Klemin. 

Effect of General Shape of Aviation Engines on Operation 
of Airplanes, by Grover C. Loening. 

Some Factors in the Design of Airplane Radiators, by 8S. R. 
Parsons. . 

The Heat Treating of Brazed Fittings for Aircraft, by 
Archibald Black. 

Flying an Aviation Engine on the Ground, by 8S. W. 
Sparrow. 














Invention in Aeronautics’ 


By Frederick W. Barker 


From time immemorial we have had vessels that could float 
on water because the density of that medium permits buoyancy, 
and the air also was found to give buoyant support since the 
days of the hot air balloon; but the real conquest of the air 
came only when a controlled airplane was caused through speed 
of its movement to convert the tenuous atmosphere into a 
weight sustaining medium. 

Of course it is the internal combustion motor which rendered 
possible the flying machine, and we have to thank the auto- 
mobile industry and the engineering profession for the 
numerous refining influences they brought to the motor and 
thus gave the airplane its opportunity to come into being. 
But it must not be overlooked that the automobile motor has 
also proven the most serious handicap that aviation has had, 
simply for the reason that we have sought to apply to a new, 
more arduous duty an instrument that had been perfected 
along lines suited only to an older and less difficult task. 

Invention has still its most important field in the production 
of a thoroughly reliable aviation power plant, and this will 
come through designs providing sturdy construction wherein 
the weight is kept within bounds, with more efficient tempera- 
ture control, continuous and thorough lubrication, an ignition 
system that ean be absolutely depended upon, and propelling 
means that will develop a maximum of thrust. Patents which 
improve these and allied features to help the power plant in 
the delivery of continuous high power output over an extended 
period will do more than anything else to advance the cause of 
commercial aviation. This progress will be gradual and tested 
out at every step. But inventors and aeronautical engineers 
must get completely away from the intermittent and low duty 
form of motor which is good enough for the automobile, and 
strive to meet the sterner conditions of a flight sustaining 

ower plant. : 

. The mane for inventive ingenuity in this field alone is so vast 
and the reward for success in every detail so sure and generous 
that its attraction is irresistible and will be responsible in the 
next few years for innovations which will easily differentiate 
the aviation motor from the automobile motor. 

Invention also will show the way to take off an airplane 
without a starting run over the surface, and to alight and stop 
wherever desired. The natural forces to serve these ends are 
available, and even now are in process of harnessing. 

Here and there will stand out some bold concept whose de- 
viser may achieve more fame and receive greater emolument 
than others, but ancillary devices, marking various stages of 
development, will result as the contribution of many inventors 
who attack the problems involved from different points of 
view. 

"There was published last month in the Journal of the Patent 
Office Society a report by J. H. Colwell, one of the principal 
examiners in the Patent Office, of the more important sub- 
jects treated of by inventors, and this report, in so far as it 
relates to aeronautics, is so succinct and comprehensive that I 
am introducing Mr. Colwell’s account in this paper. 

It reads thus: aoe , 

“The importance-and the application of heavier-than-air 
craft to military purposes is obvious and self evident. 

“The attention of the country immediately centered on this 
new form of vehicle, and it was natural that the minds of 
experts and inventors were directed to improvements in and 
devising new forms of airplanes, as well as to numerous 
related auxiliary devices, with the result that the Patent Office 
was flooded with applications bearing on aeronautical devices. 

“There is believed to be no exaggeration in asserting that 
the advance in the development of heavier-than-air craft made 
during the past five years would have taken from fifteen to 
twenty years under normal circumstances; necessity is the 
mother of invention. 

“In so far as the development of a practical machine is 
reflected in the Patent Office, no new principle or mode of air 
sustained flight appears to have been evolved. The airplane of 
the present day is based on the same principle and involves 


*Excerpt from a paper read before the Aeronautical Society of 
America. 
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the general structure as first employed by the Wright Brothers 
in their successful air flight in the first decade of this century. 
Notwithstanding this, however, there is a wide gap between the 
aircraft of today and that of 1914 as regards the general 
efficiency, inherent stability, carrying capacity, motive power, 
controls and radius of action, as well as in various accessories, 
including instructional and training devices. 

“The improvements show a general tendency to widen the 
range of use by anticipating larger load carrying capacity, 
necessitating increased engine power, and improved motor 
construction. Different types of modern planes are now 
equipped with engines ranging up to over 1,200 hp., including 
multiple engine units with reserve power. 

“There is no reason to suppose that the limit has been 
reached, but, on the contrary, that air navigation is still in its 
infancy. 


“ Increased power calls for increased strength in frame con- 
struction without too great a sacrifice of lightness, as weight 
is a vital factor. This brought to thé fore forms of bracing, 
struts and trussed wing beams. To overcome excessive wind 
resistance of exposed parts, which cause a useless waste of 
power and speed, attention was turned to fairing and stream 
lining all such parts, as struts, spars, engine housings, fuel 
tanks and radiator casings, as well as landing carriage frames. 
As at high speeds comparatively small areas exert by their 
wind resistance a greater relative detrimental influence, stream- 
lining the guy and brace wires has even been resorted to. 

“To secure increased strength with the necessary lightness, 
resort is had to hollow metal tubing, but more generally to 
various forms of laminated wood framing, as embodied in 
struts, wing beams and ribs, as well as the fuselage and pilot’s 
car itself. With methods devised and means of uniting and 
arranging the grain of wood lamina, it is possible to construct 
a wing rib lighter than one of steel of the same strength. 
Various materials, as aluminum and other metals, and com- 
pressed and treated fibrous structures are constantly being 
devised, as substitutes for linen in the supporting wings, and 
also, various substances and compositions commonly termed 
‘dope,’ for treating the wing surfaces. 

“The hulls and pontoons of hydro-airplanes and flying 
boats are constantly being increased in size and strengthened 
to make them more seaworthy in withstanding rough water, 
and the shock of alighting thereon. This has led to the crea- 
tion of what might be considered a distinct branch in marine 
ship building, to some extent following the lines of the earlier 
hydroplane or speed boat. Increased strength necessitates 
the introduction of longitudinal and transverse hull framing, 
providing bulkheads for ballast and other compartments, 
analogous to that in ship building with variations to resist 
special strains resulting from the peculiar demands. 

“ A system of airplane construction which is being developed 
and particularly adapted to large craft, appears on its face, 
not only interesting, but plausible and practical, provided the 
location of the weight is not detrimental. Broadly stated, the 
system comprises a hollow plane merged into the fuselage so 
that the large trussed wing spars, the engine housings and 
fuel tanks, as well as the pilot, are enclosed within the lifting 
surface itself.- The centre of the plane between the upper and 
lower walls is deep, while the wings taper to small depths 
towards the tips. The entire machine, including the pilot’s 
ear, is practically a part of the lighting surface, thereby 
necessitating comparatively few external wind resisting parts. 

“Among other devices which are being continually re- 
ceived are detaching means for readily releasing bombs, mail 
bags and other articles, steering devices and automatic con- 
trols, wind pressure vanes for automatically regulating the 
speed, maintaining a constant angle of incidence and prevent- 
ing the machine being pointed dangerously upward to exceed 
the critical angle and thus cause stalling, with a resulting 
fatal tail spin. 

“Knock-down airplanes for ready transportation and as- 
sembling, telephone and telegraph accessories, and wind fans 
or mills for driving electric generators, and air and fuel pumps 
have received considerable attention. 
















































































—— 
—v 

















March 1, 1920 


“ The merits of a heavier-than-air craft capable of hovering 
in the air, or stopping in flight, and also of descending’ and 
rising vertically have been fully appreciated, both for military 
and other purposes. The advantages of such a machine are 
obvious; among them is the necessity of only a limited or 
small area of ground space for landing and launching. Num- 
bers of machines designed to possess these qualifications have 
appeared, the most common type being the helicopter or 


horizontally rotating screw propeller for exerting thrust. 


Some of these have no lifting plane, relying solely on the 
helicopter thrust, while others propose to use the helicopter 
in conjunction with the ordinary airplane, and so to arrange 
the power transmission that the tractor or pusher propellers 
ean be cut out and power applied to the helicopter, or both 
operated simultaneously. 

“ Although it appears that, as yet, no practical and success- 
ful machine of the above type has been evolved, it is by no 
means improbable that this problem will be solved in the 
future, in view of what has been accomplished and the great 
strides in development along these lines by keen minded men 
of mechanical e. perience. 

“In view of the constantly increasing altitude being reached 
in air navigation, numerous systems are being developed for 
obviating the ill effects of the highly rarified atmosphere, both 
on the pilot and in the functioning of the motor. These com- 
prise various arrangements for compressing air, including wind 
fans, or motors otherwise operated. Some utilize the exhaust 
of the main engines for driving a turbo-compressor. By this 
means, a constant supply of air at uniform pressure is re- 
ceived, which is automatically regulated in accordance with 
elevation.” 

It will have been noted from the foregoing report that the 
sphere of invention has already widened out to an extent that 
admits the thoughtful endeavor of experts in many avenues 
of research, and proves that the inventive world is surrounding 
aeronautics with an association of arts, which, while each 
borrowing from one or more older arts, is itself of special 
character, and all of these new arts are interrelated through 
the science of aerodynamics, to whose dominant influence all 
aeronautical arts must be subservient. 

Though today, to the man in the street, there seems to be a 
lag in visible production of aircraft in America, that is only 
the surface view. The surest sign of the times is in the Patent 
Office, where inventions in the aeronautical arts already sur- 
pass in number those of many older arts. With invention 
rife, the meaning is that demand exists even though that 
demand is in as intangible form as invention itself. For 
invention springs from super-mentality, creating something 
new to satisfy an unprecedented condition. 

Vision and courage only are needed in America to enable her 
to win commercial supremacy in the air—such vision and cour- 
age as the warring nations of Europe had in 1914 when they 
improvised, under fire, different types of aircraft for different 
military usages. True, expense was a minor consideration 
then, for the existence of nations was at stake. 

The American inventor is doing his part in aeronautics, as 
he has ever done in other arts and sciences, enriching the world 
with new thoughts and ideas which need only application to 
crystallize into further development; and this is actually the 
epochal period when the judicious investment of money and 
business endeavor stand to realize the most glorious harvest 
that has even been gleaned in industrial fields. 





California “ Tech ” 


The name of Throop College of Technology at Pasadena, 
Cal., has been changed to the California Institute of Tech- 
nology. The trustees took this action in order to denote its 
transformation from a college of primarily local significance 
into a scientific school of national scope. 

Recently the institution received two gifts of $200,000 each 
to form permanent endowments for the support of research 
in physics and chemistry, and $800,000 has been given for gen- 
eral maintenance on eondition that the new endowment be 
increased by additional donations to a total of $2,000,000. 
Other gifts aggregating $380,000 have been ‘received for the 
construction of new buildings, including physical and chemical 
laboratories, an auditorium and a laboratory for aeronautical 
research. 
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Problems of Winter Flying 


The Post Office Department, as a result of its winter flying 
thus far this season, calls attention to a problem in aerial 
navigation resulting from the accumulation of ice on airplanes 
while in flight. It suggests that those who figure some day 
on rising with a fully loaded commercial plane to a height of 
18,000 or 19,000 ft. to take advantage of the reported steady 
westerly winds; those who would operate a commercial air- 
plane line in Canada, or who hope to fly through to Siberia; 
or even those who would endeavor to operate commercially in 
the winter in the northern half of the United States, consider 
the two following reports of pilots in the Air Mail Service on 
ships forced down through coating of ice while in flight, which 
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are typical of a half dozen or more forced landings for the 
same reason during the January operations of the Air Mail 
between New York and Chicago. 

Under date of Jan. 20, Pilot Farr Nutter, United States Air 
Mail Service, reports to Supt. McGrath of his Division as 
follows: 

“Ship No. 106 was flown to Chicago by the writer Jan. 
15, 1920, and landed in Grant Park. Shortly after leaving 
Bryan, Ohio, ship flew into cold rain and snow; result, 
ship collected ice during balance of trip and became very 
heavy. Was required to fly ship in stalled position to 
maintain altitude with motor fully open. 

“Over Gary, Ind., the ship suddenly began vibrating, 
indicating that some brace wire had broken. Motor func- 
tioned perfectly. Continued flight to station and was 
landing at high speed (70-80 m.p.h.) Leveled off at 15 
ft., eut motor, ship dropped, landed on three points. 
Broke two shock absorbers and four longerons. This 
damage was unavoidable, due to weakened fuselage before 
landing and overloaded ship with ice.” 

The plane clearly dropped like a plummet on leveling off 
for the landing on the slowing down of the motor. 

Under date of Jan. 21, Pilot Clayton W. Stoner, of the Air 
Mail Service, reported on his flight and forced landings Jan. 
16, 1920, between Chicago and Cleveland, saying: 

“The day was very damp and misty and the mist froze 
to the wires and struts as fast as it struck. The wires soon 
became coated, the struts the same, the air-speed indicator 
filled with ice, and the machine finally refused to stay in 
the air with the motor turning over with maximum speed, 

I landed at a place near North Liberty, Ind., and kicked 

ice off plane. I took off, and, as before, the ice formed 

on the machine again and forced me down at a place near 

Millersburg, Ind.” : 

Nature takes care of this condition in birds, and airplane 
designers and manufacturers should chalk this down as a point 
to consider when designing or building commercial aircraft for 
regular and dependable transportation. 








Maintenance of Gas Purity by Purging 


By R. H. Upson 


Chief Aeronautical Engineer, the Goodyear Tire and Rubber Co. 


By the term “ purging” is usually meant replacing a cer- 
tain portion of the gas in an airship envelope without entirely 
deflating it. With a liberal supply of gas it is a convenient 
method of maintaining a good lift at an expense in time of 
only a few minutes a day. Due to its obvious advantages 
the practice has become quite prevalent in this country, but 
perhaps without full appreciation of its disadvantages, which 
the indirect, are nevertheless very real. 

Fortunately the subject is capable of a fairly exact mathe- 
matical analysis. 

Let a = the average drop in purity per day, expressed in 
per cent. 

Let z = the per cent purity of the new gas as received from 
the generator or holder. 

Let y = the per cent purity at or above which the gas in 
the balloon is to be maintained. 

Let V = the actual total volume of the balloon (in cu. ft.). 


Now let us further assume that 94 per cent is the purity at 
which we wish to keep the gas in the balloon. “When the 
gas is first put in it is 98 per cent, so that nothing will have 
to be done at all until it has time to get down to 94 per cent, 
which will take, roughly, 4:0.2 = 20 days. At the end of 
that time if it is wished to maintain that purity by purging, 
a quantity of gas must be replaced equal to about 5,000 cu. 
ft. per day, over and above what is necessary to take care 
of ordinary outward diffusion. This, if continued for another 
20 days, will make up an amount equal to the entire original 
volume of the envelope. , 

Suppose on the other hand that instead of starting to purge 
at the end of the first twenty days we had let all the old gas 
out and entirely reinflated with fresh gas. This same quantity 
of gas would again last twenty days before it got down to 
94 per cent, but the average during that time would be, not 
94 per cent, but 96 per cent. If it were wished to maintain 
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Let Q@ =the ecu. ft. of fresh gas necessary to replace per 
day. Then it may be shown that :— 


en se Ff 


This formula is developed on the assumption that the full 
quantity @ of old gas is removed before any gas is put in, 
which is the most favorable condition. @ naturally includes 
any gas which is discharged from the valve or which escapes 
through any other mechanical openings. It does not inelude, 
except under special conditions, the gas which escapes by 
diffusion through the fabric, which must be replaced by an 
additional amount of new gas. It is not strictly accurate to 
ignore the effect of the outward diffusion in this way, but in 
most practical cases it works out fairly well. 

As an example, suppose that V = 100,000 cu. ft., a = 0.2 
per cent per day, z = 98 per cent, then 
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20 000 

Q= = 

98 —y 

or as follows for different values of y:— 
Y 
(per cent) (cu. ft. per day) 

97.8 100,000 
97.5 40,000 
97.0 20,000 
96.0 10,000 
95.0 6,700 
94.0 5,000 
93.0 4,000 
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an average of 94 per cent by the reinflation method the period 
intervening between such reinflations could be just doubled, 
thus making it forty days on the average instead of twenty. 
(This is neglecting the’ progressively lower value of (a) for 
lower impurities, which however almost balances itself.) 

A given quantity of gas would then go about twice as far 
by the method of reinflation as by that of purging. This one 
rule holds no matter what figures one cares to take, so it may 
be stated quite generally that it takes twice as much gas to 
maintain a given average purity by purging as it does by 
reinflation. 

Against this must be balanced the other factors involved, 
to determine which method is really the best. For instance, 
the ship may be handled in such a manner or under such con- 
ditions that a large part of the gas necessary for purging 
must be replaced anyway, due to valving and other mechanical 
losses. This is especially true if there is no gas holder.at the 
station to take up the ordinary fluctuations of volume while 
the balloon is in the hangar. 

We must also consider the loss of time, the wear and tear 
on the bag and other complications incident to a complete 
change of gas. 

In general, with an airship station planned for the purpose, 
the gas ean be much more economically handled by the method 
of reinflation, but there are so many exceptions and special 
sases that it is mpossible to give any general conclusion. The 
best that can be done is to keep in mind the main principles 
so as to figure out the proper procedure for any given set 
of conditions. 






























With all internal combustion engines there exists the pos- 
sibility of a backfire taking place. By this is meant that an 


explosion takes place before the crank reaches its out dead . 


centre, with the result that the engine rotates in the direc- 
tion opposite to that in which it is designed to run. Usually 
an advanced ignition is the cause. In high compression 
engines with large cylinders there is a big load on the piston 
due to compression which will cause a certain amount of 
backward rotation. The explosion backfire, however, is a 
serious matter, and is likely to damage the starting mechan- 
ism unless some means are provided to safeguard it. With 
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The Starting of Airplane Engines’ 


By T. L. Sherman, B.E. 





is experienced in setting them to work satisfactorily. This 
is in some measure due to the fact that designers have always 
in their minds the necessity for weight reduction and com- 
pactness, consequently the friction clutch is usually consid- 
erably restricted as to diameter and area; the fabric and the 
plate type are particularly referred to. The bearing pres- 
sures are high, and the friction coefficient somewhat uncertain. 
Metal-to-metal dog clutches of the type shown in Fig. 1 suffer 
from similar defects. One member of the clutch is driven 
through serrations on a diameter of the order of 1%4in. to 
2%4in. Assume that the clutch is to operate at a torque load 















































Fie. 1 


the type of dog usually employed, the pressure from a back- 
fire takes effect between the surfaces used for turning over 
the engine, and the throw-out mechanisms described above 
are therefore of no use as a check to reverse motion of the 
starting gear. If the whole explosion torque is transferred 
to the geared system, the impressed load is high and the gears 
will tend to rotate at a very high speed. We are not perhaps 
as much concerned with mechanical breakage when hand start- 
ing is used, as the gear system is usually simple, and the re- 
duction ratio only of the order of 10 to 15 : 1. There is, 
however, considerable danger of injury to the operator by 
reason of the high speed of the handle and the suddenness 
of the backfires. With mechanical systems the gear ratio is 
usually much higher and the gearing more complete. When an 
electric motor is used the heavy armature is suddenly called 
upon to rotate at many thousand revolutions per minute. 


Neglecting friction, the load required to accelerate the 
rotation of the gears and the remainder of the system at the 
desired rate is very high indeed. The geared system may be 
looked upon as a kind of friction brake under the momentary 


conditions. The results are high stresses in the dog projec- 


tions and gear teeth with frequent failures. It is obvious, 
therefore, that we require in the gear system some safety 
drive which will safeguard the mechanism. Clutches of all 
descriptions and shear pins come to mind. Friction-operated 
clutches cannot be said to be satisfactory. They must be 
set in advance of the torque required to start the engine. 
As has been pointed out, one has to provide for very stub- 
born engines, so that there must be a good margin over the 
average. 

Friction clutches are very uncertain, and great difficulty 





*From The Automobile Engineer. 
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of 5,000 lb.-in.—quite a reasonable figure. The load on the 
serrations at, say, lin. radius will be 5,000 lb. Consider that 
five serrations divide the load equally between them, i.e., 1,000 
lb. per serration. This is a rather optimistic distribution. 
In order to bring about axial movement against friction, 1,000 
X .15= 150 lb. approximately is required. The disengaging 
reaction which takes place between the clutch teeth has to 
overcome the serration friction as well as that of the spring. 
Moreover, the intensity of loading on the clutch tceth is high, 
and the proportional distribution of load an unknown factor. 
It will be seen that so long as these two factors are of the 
same order of magnitude the clutch is uncertain, as the spring 
pressure is not the deciding factor. Clutches of this type are 
all right where the torques are small, or where weight and 
size are not vital. 


A clutch, designed by the writer, embodying similar prin- 
ciples is shown in fig. 2. Here the sliding members are plung- 
ers, case-hardened all over, ground to fine limits, and lapped 
into position to secure a free movement with the minimum 
amount of “tipping.” The internal coned surfacé is ground 
with the inside flanges in position, the clutch member being 
held in a fixture. The flat tapered faces on the outside plung- 
ers are free to mesh correctly with the internal splines in the 
female member. The spring and its tapered attachment are 
not rigidly centred, so that the tendency for one plunger to 
take the full load is minimized. It constitutes, in short, an 
attempt to minimize the friction of the sliding member. 


The use of a shear pin as a safety device in the system is 
unsatisfactory. It is perhaps more certain in guarding 
against breakage than any type of friction-operated clutch, 
but it is difficult to arrange a design so that a new pin may 
be fitted quickly. This requirement (a new pin) is in itself 
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a weak feature. It may have use as a secondary safeguard 
in combination with a clutch. Systems have been schemed 
which arrange for a mechanical release when reverse rotation 
takes place. These usually rely upon some pawl arrangement, 
simple or complex in its design. One form is indicated in 
fig. 3. Here we have an oscillating member which takes no 
part in the transmission of the load. In the direction of the 
engine’s normal rotation, this member (A) is driven by the 
gear ‘wheel (C), and is free to oscillate as determined by the 
tapered side of the projections on (D). If a reverse rota- 
tion takes place, (D) prevents the rotation of (A), which, 
in its turn, pushes (C) out of mesh. The system is positive 
and operates successfully, but it requires a certain amount 
of movement to take place before it brings about the re- 
quired disengagement. It should be placed on a shaft having 
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Fig. 3 


a speed, say, ten times that of the rate of rotation of the 
engine-shaft produced by the backfire, so that release will 
be brought about quickly. In a hand-operated system it 
may conveniently be placed on the handle shaft. 

Hand-starting gear boxes usually provide for a speed re- 
duction of the order of 10 : 1. The handle shaft itself is 
usually arranged to come out at the side of the engine, 
thereby necessitating the use of gears of the worm, bevel, 
or spiral type. It is easy to seeure the required reduction 
with a worm and worm wheel alone. 

Unfortunately, this form of transmission has a poor effi- 
ciency in the low speed of operation of the handle shaft, say 
15 r.p.m. One cannot very well have a bevel pinion less than 
lin. p.d. This would necessitate a 10in. bevel wheel—a size 
too large to be neatly installed; consequently we find bevel 
gear transmission with a supplementary set of spur gears. 
The same remarks apply to spiral gears. The efficiency of 
these double trains under operating conditions is probably 
25% better than that of the worm gear. There is perhaps 
nothing to choose between any particular system on the score 
of weight. A complete hand-starting gear for a 400 h.p. 
engine should not weigh more than 10 Ib. The only real draw- 
back to the system is that it is not suited for remote control, 
and requires that a mechanic should stand on the wing or 
platform in order to turn the handle. With a good doping 
system and a hand-starting magneto, starting is comparatively 
easy. In twin-engined machines the handle shaft may ex- 
tend out at the rear of the engine in the same direction as 
the crankshaft. It may then be turned by a mechanic stand- 
ing on a portable platform. The writer considers this ar- 
rangement inferior to that already described. Frequently one 
finds that the length of handle arm fitted is much too small— 
sometimes not greater than 8in. Nothing under 12in. should 
be fitted unless there is a very special reason for the use of 
a smaller handle. 

Compressed air has been used to a considerable extent for 
engine starting, the system being to employ a steel bottle con- 
taining a charge of compressed air. Each cylinder is fitted 
with an air valve of the non-return type, which is connected 
up to a mechanical distributer usually driven from the ecam- 
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shaft. The distributer is connected through a reducing valve 


to the air bottle. The distributer may be of the poppet, 
sleeve, or dise valve type, though the first-named cannot be 
said to be entirely satisfactory. It has been found possible 
to start engines of 250 hp. with air at 100 lb. per sq. in. A 
bottle weighing 15-18 lb. is usually capable of producing four 
separate starts. The total weight of distributer pipes and 
adapters is of the order of 10 lb. This would indicate a 
complete starting equipment for one engine to weigh under 
30 lb. It should be possible to provide for twin engines at 
35 lb. to 40 Ib. The small number of starts provided by the 
air bottle is a disadvantage, which is more particularly felt 
when the doping system is at fault. There is a certain 
amount of individuality among engines, and some are found 
to be particularly stubborn for reasons more or less uncon- 
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trollable. Generally, however, it must be said that the system’ 


compares favorably with any other so far developed. Its 
limitations, however, are obvious, and in its present form it 
ean hardly persist. 

Instead of using a reservoir filled by external means re- 
mote from the airplane, some form of power unit may be 
installed in the machine which can supply the necessary quan- 
tity of air at the required pressure. But why not go a step 
further? Make the pumping apparatus supply mixture to 
the engine, not air. This will do away with the more primi- 
tive and inefficient methods of doping, and at the same time 
supply the means for turning over the engine. At the present 
time such a system is under trial, though in a form which the 
writer considers scarcely correct. One of the cylinders of a 
horizontally-opposed métor cycle engine has been supplanted 
by a specially designed pump cylinder. This cylinder com- 
presses mixture drawn from the carburetter of the small en- 


gine and supplies it through a distributer on the main engine ~ 


to the cylinders thereof. This is ingenious, in that it supplies 
a correct mixture as determined by a carburetter working 
under normal conditions, but it is deficient, in that it does 
not ensure that a correct mixture reaches the engine. It is 
usually difficult to arrange for the mounting of such a unit 
close to the engine, and condensation will take place to a 
considerable extent in the small bore piping used. The pump 
should supply air alone, which should take up the fuel at some 
point adjacent to the distributer on the engine. The fuel 
supply to the distributer may be controlled by the pressure 
of the air against a spring-controlled valve. Preferably this 
earburetter-distributer unit should be heated electrically, the 
latter offering practically the only means of conveniently ar- 
ranging remote control. Electrical heating apparatus is prac- 
tically standardized nowadays for large machines. A pump 
unit specially designed for the purpose ean probably be made 
under 60 Ib. weight. This is on the high side for single-en- 
gined machines of 400 hp., but is a perfectly feasible propo- 
sition for machines with two or more engines. The starting 
handle of the pump engine should be located in a convenient 
position for the pilot or observer. A unit mounted on an 
aerodrome runabout is an ideal method for starting engines 
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’ suitably equipped. The writer considers that the scheme out- 
lined herewith offers the most efficient solution of the start- 
ing of large airplane engines so far devised. The pump 
should be capable of supplying air at 100 lb. per sq. in., and 
have sufficient capacity to turn the engine over at six to ten 
revolutions per minute. At this speed a starting magneto 
will be required, but coil ignition ‘will in itself be found satis- 
factory. 


Another form of air starting apparatus has been used. 
Instead of supplying the air to the engine cylinders, the air 
bottle is connected up to a separate cylinder having a piston 
attached to a rack and gear wheel mechanism. The pressure 
applied to the piston causes motion of the rack and con- 
sequent rotation of the gear wheel. The gear wheel is mounted 
on the “dog” shaft. The mode of operation is obvious. For 
a given air pressure the torque applied is proportional to the 
diameter of the gear wheel. Generally it will be found that 
this diameter is such that only a partial revolution of the 
crankshaft is obtained for a stroke of the piston. Another 
construction is to attach a wire or chain to the piston. The 
wire or chain is wrapped.round a wheel similarly positioned 
to the gear wheel above. The use of a wire enables the use 
of devices to safeguard against backfire, it being less rigid 
than a rack and gear. Continuous rotation is usually not 
obtainable. As the pressure in an air bottle falls off quickly 
in use, it will be appreciated that the maximum torque de- 
veloped will go off in like proportion, and so each start will be 
less effective than that preceding it. 


It has been proposed to use a liquid such as compressed 
carbon dioxide, which will not only provide the required pres- 
sure at atmospheric temperature, but will also increase the 
capacity of the bottle considerably. The pressure will re- 
main practically constant within limits. There is much to 
be said for the idea. One objection is that the agent is not 
combustible, and so cannot be used in conjunction with a 
special carburetter to provide the mixture as well as the 
moving force. 


Explosive charges were at one time experimented with in 
order to replace the comparatively heavy air bottle of limited 
capacity. Cartridges were inserted into a breach, and upon 
combustion were to supply a sufficient quantity of compressed 
gas to start the engine. There are obviously two ways of 
using explosive charges. One method is to insert the cart- 
ridge into a special fitting attached to the cylinder head and 
detonate by some suitable mechanism. On a six-cylinder en- 
gine it was usual to employ three cartridges. The cartridges 
were of 12 bore, and were charged with black powder. This 
system was not used to any extent. The other method is to 
employ a separate chamber in which a number of charges 
are fired in rapid succession. Although it is reported that 
the pressure within the chamber rose to 350 lIb., the crank- 
shaft did not move sufficiently to start the engine. The de- 
posit from these cartridges was excessive, and the distributer 
quickly became blocked up. It is considered that the use 
of cartridges can only be satisfactory when connected directly 
to the combustion chamber of the engine, as the cooling effect 
of the tortuous passages though the distributer and piping 
system brings about a great falling off in the pressure of 
the products of the explosion. The system is uncertain and 
not suited for remote control. 


The employment of an electric motor and a reduction gear 
has of late received a considerable amount of attention. For 
a complete system it is, of course, necessary to carry a-stor- 
age battery in the airplane. This battery is required to fulfil 
severe conditions as to discharge. A 12 volt battery is fre- 
quently called upon to supply a current of 200 amperes for 
periods up to one minute. Owing to the fact that it is de- 
sirable to use the battery for other electrical services besides 
engine starting which do not require such excessive discharges, 
there is a tendency more or less to neglect the features re- 
quired by a starting battery. One usually finds that when 
the battery is discharging at 150 to 200 amperes, the volts fall 
considerably, frequently as low as 6. It is not possible to 
get good starting below 9 volts, the system being nominally 
12 volts. The labor available for charging batteries at the 
various aerodromes during the war was by no means first 
class, and some of the poor results obtained may be attributed 
in a large degree to it. Batteries, to give good service, must 
be intelligently cared for. This is, of course, one of the 
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demands of a self-contained electrical system which may be 
regarded as a defect. It must be said that American batteries 
built for starting purposes have proved much better than 
British ones from this point of view. The quantity of acid in 
the accumulators is usually too small. If electrical starting 
systems are to attain success, the battery makers will have 
to evolve improved products, as the whole system depends 
fundamentally on the battery. 


It will be admitted, however, that the battery designer is 


- usually asked to fulfil conditions which are brought about by 


the inefficiency of the remainder of the system. The starting 
current required is dependent on the combined efficiencies of 
the motor, a gear box, and doping system. The latter has 
been referred to previously, but it would be as well to re- 
peat that the demand upon the starting mechanism depends 





Fig. 5 


largely on the conditions existing in the engine, and in this 
electrical case determines the time the battery is called upon 
to undergo a heavy discharge. The efficiency of the motor 
is a factor that we can control to a certain extent, though it 
is bound up with the question of weight. A motor capable 
of giving a torque of 2 lb.-ft. at 3,000 r.p.m., 4 lb.-ft. at 
1,500 r.p.m., with a “lock” torque of 6 lb.-ft., has been de- 
veloped with a weight of 10 lb. Its electrical efficiency varies 
considerably with the speed. At 2 lb.-ft. it is 50 per cent, 
at 4 lb.-ft. about 40 per cent. This is, of course, low, but is 
brought about by the restrictions on the design of the motor. 
Another motor with a weight of 15 lb. gives 3 lb.-ft. at 3,100 
r.p.m. Combined with a gear box embodying two speed re- 
ductions (115 : 1), the efficiency was 54 per cent at 3,000 
r.p.m., falling to 32 per cent at 4,000 r.p.m Electrical start- 
ing arrangements have usually been afterthoughts in the past, 
and, whereas an efficient gear reduction could have been pro- 
vided for when the engine was projected, the attachment gen- 
erally met with has been designed under considerable restric- 
tions as to space available, and generally suffers from the 
efficiency standpoint. Worm gears are particularly bad in 
this respect, and the writer has yet to find an efficient one in 
a starting mechanism. The speeds and loadings are high when 
efficiency is demanded. Epicyclic constructions are likely to 
be satisfactory if properly carried out, but unless special care 
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is taken in manufacture and assembly they may prove very 
much the reverse. It must be remembered that reductions of 
the order of 100 to 150 : 1 are called for by large engines. 
An efficiency greater than 70 per cent at full peak load can 
hardly be expected. The great majority of gear boxes so 
far used return much nearer 50 per cent. It will be seen, 
therefore, that the starting battery is required to provide for 
this inefficiency of motor and gearing. 

The writer is of opinion that if electric starting is to have 
wide application for airplane engines it will have to be em- 
bodied by the engine designer in his engine. For V engines 
the most suitable position for the electric motor is at the 
front of the engine mounted on the crank ease between the 


Torque =k, P,r; 





Torque =k P 


Assuming umilar 
distribution of loacing 


Fig. 6 


first pair of cylinders. It will then be possible to have a 
double train of spur gearing within the nose of the engine. 
The scheme is outlined in Fig. 4. If the motor is mounted 
on the nose itself, it interferes with space required for the 
radiator. Otherwise this position is good, because it allows 
the torque to be transmitted via the propeller boss flange. 
Fig. 5 indicates the arrangement referred to. An installa- 
tion at the rear of the engine is inaccessible, and its design 
is frequently restricted by water pumps and engine mount- 
ing members. 

The writer considers that a motor gearing and necessary 
housings can be provided for a 400 hp. V engine at a com- 
bined inclusive weight of 16 lb. A battery weighing 30 lb. 
will give satisfactory results in a single-engined machine. The 
battery should be mounted as closely as possible to the motor, 
otherwise the C.R. drop will be excessive. This begs the 
question as to whether one central battery or two separate 
batteries will be required for twin-engined machines. There 
is little to choose on the score of weight. If one battery is 
used its weight will be of the order of 40 lb., with a further 
10 lb. to 15 lb. weight of copper bar connections if the re- 
sistance losses are to be kept within reasonable limits. The 
position of the battery in respect to wiring is not so import- 
ant for the other electrical services. 

The remarks previously made with regard to the reversal 
of the mechanical system in event of a backfire, apply very 
particularly to the electrically-driven mechanism. We are 
eoncerned with a comparatively heavy armature geared up 
at 100 to 150 :1. A little calculation will show that practically 
the whole of the explosion torque load will be thrown on the 
driving dogs and gear teeth. The loading is particularly high on 
the driving dogs, as they are usually on the low speed shaft. 
Every endeavor should be made to make the radius arm of 
the projections on the driving dogs as large as possible, and 
so decrease the magnitude of the load to be carried by them. 
Fig. 6 indicates what is meant. Similar remarks as before 
apply to mechanisms for dealing with the reverse loading. 

It may be mentioned that a most convenient method of 
bringing the starting dogs into mesh when required is to con- 
nect the sliding starter shaft to a solenoid, wired in series with 
the motor,, and operating against a spring as indicated in 
fig. 7. Various interlocking devices may also be arranged. 
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It will be seen, therefore, that complete electrical starting 
equipment for one engine may be fitted for a weight of 45 Ib. 
to 50 lb.; for two engines 80 lb. to 90 Ib. Ten to twenty 
pounds of this weight may be legitimately subtracted if the 
other electrical services use the same battery, but this may 
be discounted by reason of the necessity to provide a separate 
doping system to ensure easy starting. The electrie motor 
should not be called upon to turn the engine at more than 
10-15 r.p.m. The engine carburetters cannot be relied upon 
at this speed. 

The weight of a complete air starting system, including 
engine-driven pump, distributer-carburetter, and fittings 
would be of the order of 70 Ib. for one engine, 80 Ib. for two 





Fig. 7 


engines. The electric starting system compares favorably for 
single-engined machines. There is little to choose for twin- 
engined machines, whilst for three or more engines the air 
system previously outlined is probably most suitable. The 
advantages of one system over another from the weight point 
of view are not very definite, and individual eases of careful 
design may turn the issue one way or the other. 

The writer is aware of the fact that there is considerable 
opposition to the use of electric starting systems on airplanes 
with possibly a’ fair amount of justification. It must be ad- 
mitted, however, that no really serious attempt at the prob- 
lem has yet been made. 

With the development of large engines of 600 hp. to 1,000 
hp., the starting proposition becomes a real one, and it be- 
hooves engine designers to study the question, embodying the 
starting system in the engine, thus saving the innumerable 
troubles which crop up afterwards. The matter should re- 
ceive the same thoughtful consideration as any other import- 
ant part. 


Book Review 
Future oF Aviation. Translated from the French by Jean 

Dargon by Philip Nutt. (174 pp. Illustrations and many 

diagrams. ) 

While this book bears a rather unfortunate title, which 
would seem to place it in the class of prophetic and therefore 
dangerous books, it is written in a very sound and conserva- 
tive way. 

An aerial postal service is discussed with very sensible figures 
on initial cost and running and depreciation costs. The chap- 
ter on aerial touring is interesting. The one on colonial avia- 
tion has some useful ideas as to what can be done in sparsely 
populated countries by means of the airplane. The chapter 
on the establishment of an aerial line also has references to the 
French colonies, but it will be useful in analogy to American 
readers interested in transportation. 

There is a description of international air lines covering the 
entire world. A great deal of meteorological and other tech- 
nical information is included. Mr. Dargon seems to have 
struck the happy medium between too conservative an outlook 
and too optimistic a one. 
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HIS was the dare—to take a 
laminated airplane propeller, 
varnish it with Valspar, hitch a 
motor to it and mount it so that 
the blades would pass through a 
tank of water at each revolution; 
then to run this test for a week 
and so prove whether or not 
Valspar is absolutely waterproof. 


To make this story short, we 
took the dare. For three years, 
off and on, this propeller has 
swished its way through the 
water. And while, in all this time, 
it has never been revarnished, 
today its varnished surfaces shine 
like new. 


VALENTINE’S 


SUM Ee EUAN TUEEDAUEAEAEA CAEL EEE Mian UL POTEET Wnt 


- VALENTINE & COMPANY 


LSPAR 


The Varnish That Won’t Turn White 


But drop in at the Valspar 
Booth at this year’s Aero Show. 
There you will see this veteran 
propeller busily demonstrating 
the absolute waterproofness of 


Valspar Varnish. And other in-— 


teresting Valspar tests will be 
shown-the novel submarine test, 
the gasoline test, the oil test, etc. 


Moreover we will gladly let 
any interested onlooker make 
any of these tests himself. 


If you are interested in air- 
planes or airplane construction 
you will find a visit to the Vals- 
par Booth profitable, and in any 
case you'll be very welcome. 


ESTABLISHED 1882 
New York Boston 
London 


Chicago 
Paris 





TLE LELH ELLE CCC Co 


TODTUDONOUETEE AEDT E 


Toronto 


Amsterdam 


W. P. FULLER & CO., Pacific Coast Cities 


Three Years Ago They Dared Us! 


Largest Manufacturers of High-grade Varnishes in the World 
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ee all that is Newest 
in Aviation 


All forward looking men are watching for the time when they 
will fly—when all mankind will fly. That time is here! 





You will be positive of it when you have seen the aerial 
freighter, flying limousine, aerial pullman, aerial coupe, 
transcontinental mail plane, the pony blimp and the sport 
plane for individual owner’s use costing no more than a 
good runabout car. 





Together with hundreds of other interesting developments in 
aircraft and accessories, they will all be on hand for you to see- 


March 6th to 13th, inclusive, at the 


AERONAUTICAL SHOW 


Of the Manufacturers Aircraft Association, Inc. 


34th Street and Park Avenue 


71st Regiment Armory “Newyork CiTY 


Every worth while advance made since aviation became a 
peace industry, will be exhibited. The progress made in the 
attainment of luxury, comfort, convenience and safety in 
aircraft will amaze even those acquainted with war-time flying. 


All those interested in the future of aerial flight should come 
to this Show and bring others with them.. It marks the 
beginning of a new era—that of commercially practicable 
aviation. 


The Aircraft 
Year Book for 1920 On Sale at the Show 


Just off the press of Doubleday, Page & Co., 328 pages of 
facts about aviation, 80 pages of instructive photographs, 
numerous maps. Get it at the Show or send $2.00 by check 
or money order to the Show Committee of the 


MANUFACTURERS AIRCRAFT ASSOCIATION, Inc. 


501 Fifth Avenue New York City 
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An original set of 24 B-G plugs was flown = Col. R. S. Hartz in a Martin Bomber 
in a Liberty motor at the Air Service Exvert- p B-G 2 completed the “Round-the-Rim” flight of 


mental Station. McCook Field. for over . ba poet pe pe — set wey 2 i 
155 hours without any attention whatso- ugs. not one of which was removed during 
pis sckare heiae-cemoved trom the motor the entire trip from July 24 to Nov. 13. These 

: 5 yy ; a plugs had approximately 140 hours of warm- 
This Is over 30 times the known service . ing up and flying at a cost of $0,0214 per plug 
of any other plug under these conditions. esi hour. 


Lieut. B. W. Maynard won the Capt. Donaldson. winner of 
speed contest in the New ; reliability contest in the Trans- 

: ; Continental Race, equipred his 
York-Toronto Air Race using Hispano motor with 8 B-G and 
B-G Plugs in his motor. He also 8 standard plugs. The 6-G 

i plugs gave perfect perform- 
eee ee § the bo ances. Three standard plugs 
Continental Air Race. which he failed: in first 300 miles: all 8 


also won. Y Bae) were. replaced daily. 


WEB Toly R. W. Schroeder estab- 
Of the first 15 ships to finish ‘ , lished a world’s altitude record 
eg Mn VherPlug- with the with a passenger at Dayton, Ohio, 
in the New York-Toronto Air : on on October 4th. climbing to 
Race, 13 ships were equipped Infinite-Spark/ 51.800 feet witha LePere Gi- 
5 plane, equipped witha Liberty 
with B-G plugs. - motor. fitted with a supercharger 
and B-G spark plugs. 


Lt. Col. Reynolds flew with 24 
B-G plugs 10 hours around 
Langley Field: then to Mineola, 


Although over 4/Sths of the air- 
planes in the Trans-Continental 
Air Race were equipped with B-G ‘ 

Plugs, out of a total of more than elite the Rit face aos 
1200 B-G Plugs furnished for back to Langley Field with the 
this race only 6 failed to give a original plugs which had re- 
perfect performance. ceived no attention whatsoever. 


The Brewster-Goldsmith Corporation. 


33 Gold St., New York Lue. a. 3. A. a 
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THE HOME ¢oewy NEW YORK 
ELBRIDGE G. SNOW, President | 
Home Office: 56 Cedar St., New York 


AIRCRAFT INSURANCE 


Against the Following Risks 


FIRE AND TRANSPORTATION.. 

THEFT (Of the machine or any of its parts). 

COLLISION (Damage sustained to the plane itself). 
PROPERTY DAMAGE (Damage to the property of others). 


allt dll ood 


SPECIAL HAZARDS 


Windstorm, Cyclone, Tornado—Passenger Carrying Permii—Stranding and Sinking Clause—Demonstration Permit— 
Instruction Permit 


AGENTS IN CITIES, TOWNS AND VILLAGES THROUGHOUT THE UNITED STATES AND ITS POSSESSIONS, 
AND IN CANADA, MEXICO, CUBA, PORTO RICO AND CENTRAL AMERICA 


Aircraft, Automobile, Fire and Lightning, Explosion, Hail, Marine (Inland and Ocean), Parcel Post, Profits and Commis- 
sions, Registered Mail, Rents, Rental Values, Riot and Civil Commotion, Sprinkler Leakage, Tourists’ Bag- 
gage, Use and Occupancy, Windstorm 


STRENGTH "REPUTATION SERVICE 




















Eleven years of aviation motor experience at your command. 


Build up your aeroplane business by using guaranteed motors. 
A size for every purpose—30, 60, 100, 200 H.P. 


HARRIMAN MOTOR COMPANY 


BUILDERS OF HIGH GRADE . 
AVIATION MOTORS SINCE 1909 So. Glastonbury, Conn. 
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Of General Electric Company 
s27 Waste NecYorx PIONEERS OF THE INDUSTRY 





Th engine testing laboratories. 
in the U.S. Army Air Service 
Engineering Department at 
Mc Cook Field, Dayton, are the 
finest in the world. 
The laboratory is equipped 
throughout with Sprague Elec- 
tric Dynamometers. 
There are four large units, 
arranged to be capable of 
testing the largest engines, 
and in addition a’number of 
smaller sets and a special 
propeller testing station 
and wind tunnel, also equip 
ped with Sprague. Dynamo- 
meters. 


he Sprague Electric 
Works fas. brought 
out a new single-unit 
Dynamometer’ with 


a rating of 600 H.P. 
vy, This has been devel- 


oped for testing very 
large aviation motors. 


Branch Off: 
in Principal Cities 
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The “ Bristol’’ Tourer 
Exhibiting in the magnificent Red Room of 





BROADWAY & 32ND STREET 
New YORK 

















THE “BRISTOL” AEROPLANES :: 33 oc: ots ots) oes «512 FIFTH AVENUE, NEW ad 
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MARYLAND PRESSED STEEL CO. (AIRCRAFT DEPT.) 


lanas 9 MADISON AVENUE, NEW YORK CITY 
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AIRPLANE ENGINES 


HAVE BEEN FLYING FOR TEN YEARS 


They are the product of skilled 
engineering and manufacturing 
experience running through 

three generations. 





Latest types are now available 





Sturtevant Model 5A—41% Our new Catalog, No. 259, will interest you 


B. F. STURTEVANT COMPANY 
HYDE PARK, BOSTON, MASSACHUSETTS 


Members Manufacturers» 




















Installation of Hall-Scott L-4 Airplane Engine in Standard J-1 Airplane 


Above cut shows a Hall-Scott L-4 installation in the Standard J-1 airplane, Redwood City Aviation School, California 
having so equipped two such ships. 
hese planes in school and commercial work carry 3 or more persons and aside from having considerable reserve power 
operate more economically than other engines of similiar h. p. 
The engines develop 130 b. h. p. at 1700 r. p. m. and weigh but 375 pounds; due to the small bore and bio® operative 
speed and the perfect balance, vibration is not any more noticeable than with a 6 cylinder motor. 


HALL-SCOTT MOTOR CAR COMPANY, West Berkeley, California 
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THE ONLY 
SCREW HOLES 
IN THE WORLD y 














Hole, Always 
@ Screw Hole 





Once a Screw 











oe can be used without damage to receiving 
ral 


often enable you to standardize to wood or ma- 
chine screws in al) material 
They are made of brass and will not rust under 
atmospheric or moisture conditions 
o-BECUONT Tiny save more time value than the 
les cost. 


— get them for nothing ahd are paid for using 
hem when you count time saved. 

rs holes have been needed ever since the first 
screw was used 

7—Special tools are NOT needed in using them in any 
material 

6—They can be used in any place a screw can be used. 

tt Sy acing qensw Rates, essere cp, bo ceed & many 
plac and in many — @here it is impos- 
sible to use screws without 

tomTheee ase the only = ep IEE 

th 


ae A. ~~ screws are needed. These screw holes 
y wood screw or machine screw now ny stock. 
oat tem the neatest possible job in any material 
1y~Every store where screws are sold must carry 
Ghom tu area, beomuas the inp of corsue tp ast 
complete without screw holes for them. 
te—Every shop and factory where screws are used 
must also have these screw holes to fit the screws. 
ig-They are endorsed by all dealers in screws and by 
all users of screws. 


You drive the screw holes with » hammer in any 
ma 

The screw holes are made for wood screws or 
machine screws to fit all sizes of screws The head 
is removed and you leave » permanent screw hole. 


The Stine Screw Holes Co. 





Manutacturers 
The Biggest 
WATERBURY, CONM..U SA. | 7 itiie Thing 
in the World 
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Some of the Reasons Why Screw Holes Will Be Bought and Used and Not Become 
Dead Stock for Anyone 


16—Screw holes are entirely new and the world sup- 
ply 5 yet to be furn’ 
pi J, isa ressive Old World of ——) and every 

ae a it must adopt all improved methods, 

ry new articles that will help him ey in the 

front line of progress. 

18—Be among the first to stock up in screw holes if 
you are a dealer in screws. 

19—-Be among the first to install screw holes in your 
shop or factory, as you begin to save money soon 
as you use them. 

20—In spite of the high cost of brass, screw holes are 
yet cheap. 


an are letting Ses —_ know that screw holes 
now be sec means of extensive ad- 

vortising in ai y princial Trade Journals that 
have the largest circulation among dealers in screws 
as well as users of screws. 

2a—Do not let your customef ask you for screw holes 
before you have them in stock. BE A LIVE WIRE. 

23—They make everlasting holes in any material. 

24—They mean “Plug-No- More” screw holes. 

25—They are the result of Necessity being The Mother 
of Iqvention. 


26—Anyone who can drive a nail can use screw holes. 

27—Send for a sample and convince yourself. 

28—Mechanics who see them say, “What do you think 
of that?” 

ag—In fact there are NO REASONS why screw holes 
should NOT be used. 


Each of these reasons are enough to sell Screw Holes. There are many other reasons. 
Write at once for our handsome Color Card showing screw holes in various materials which will be 
sent on request, together with samples and price list 
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Testing a One-Ton 
Yale Spur-Geared 
Chain Block 


Safety is Certified in 
Every Yale Chain Block 


ACH Yale Chain 
Block must lift a 
test load 50% over its 
rated capacity before it 
can leave the factory. 


That means certified 
safety, safety that warrants 
confidence in the Yale Chain Block as the safest block for 
every hoisting need. 


For complete information regarding the Yale Spur-Geared 
Block, Yale Screw-Geared Block, Yale Differential Chain 
Block, and Electric Hoists, ask for our new 19D catalog. 


For a factory locking system 
use the Yale Masterkey System 


Write for particulars 


The Yale & Towne Mfg. Company 


Makers of the Yale Locks 


Stamford, Conn. 
a 

















Fahrig Anti-Friction Metal 


The Best Bearing Metal on the Market 
A Necessity for Aeroplane Service 





Fahrig Metal Quality has become a stand- 
ard for reliability. We specialize in this 
one tin-copper alloy which has superior 
anti-friction qualities and great durability 


and is always uniform. 


When you see a speed or distance record 
broken by Aeroplane, Racing Automobile, 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings were in that 


motor. 


FAHRIG METAL CO.,34 Commerce St.,N.Y. 








Aluminum Company of America 


General Sales Office, 2400 Oliver Building 
PITTSBURGH, PA. 


Producers of Aluminum 











Manufacturers of 


Electrical Conductors 
for Industrial, Railway and Commer- 
cial Power Distribution 
also 
Ingot, Sheet, Tubing, Rod, Rivets, 
Moulding, Extruded Shapes 
alee 


Litot Aluminum Solders and Flux 


CANADA 
Northern Aluminum Co., Ltd., Toronto 


ENGLAND 
Northern Aluminium Co., Ltd, London 


LATIN AMERICA 
Aluminum Co. of South America, Pittsburgh, Pa. 
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ATLAS WHEELS | lume 


Are daily gaining in favor 
with manufacturers and 
pilots of aircraft because: 


They Absorb Shocks 
They Are Stronger 
They Are More Reliable 





¥ 
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INTRODUCING CAMERAS and ACCESSORIES 
FOR AERIAL PHOTOGRAPHY 


18 x 24 cm. AND 13 x 18 cm. AvtToMATIC FILM 
CAMERAS FOR MAPPING. 

Automatic 4 x 5 1n. HAND-HELD FILM AND 
PLATE CAMERAS. 


Standard Sizes Carried in Stock 








Inquiries ana orders will Hicu Erriciency BETWEEN-THE-LENS SHUT- 
if a TERS AND FocaL PLANE SHUTTERS. 
receive prompt attention . | Day.ticHt Motor Driven DeveLopinc Ma- 
CHINES. 





= 





SPECIAL APPARATUS. 


We invite you to consult our Engineers on prob- 
lems concerning Photography from the Air. 


FAIRCHILD AERIAL CAMERA CORPORATION 


THE ATLAS WHEEL COMPANY shoinshseaiere New York City 


Rockefeller Building (eR em 
CLEVELAND - OHIO io a a | 
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i 3 largest selling 


quality pencil in 
the world 


ENUS 
PENCILS 


17 Black degrees and 3 Copying 





ECAUSE of their silky 

smoothness and uniform de- 
pendability, VENUS PENCILS 
are in constant use in the drafting 
rooms of aeroplane manufacturers 
and by their pilots throughout the 
world. 

To know the dependable and 
uniform quality of VENUS pen- 
cil in every degree, write today 
for 


samples of the 
free degrees of lead 
which you prefer 


American Lead Pencil Co. 


242 Fifth Avenue, New York 
and London, Eng. 
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ERICA'S SUPREME 











” 
Edstrom Machinery Company 
WAR DEPARTMENT 
BUREAU OF AIRCRAFT PRODUCTION 
AIRPLANE ENGINEERING DEPARTMENT 
McCook Field, Dayton, Ohio, U. S. A. 
REPORT Serial No. 646 


on test of cable terminal connections made on the Edstrom 


Wire Wrapping Machine. 








Finished Products of the Edstrom Machines 


“, . . It is to be noted that out of ten unsoldered spect- 
mens sizes 4%” to 5/32”, only one failed at a load below the 
rated capacity of the cable. The 3/16” specimens served 
with copper wire failed at loads averaging 71% of the full 
strength of the cable.” 


NOTE: The nine cables standing 100% were wrapped with 
the special strength wrapping wire we use on all our work. 


“. . . The Edstrom Wire Wrapping Machine .. 
should be given a trial where such a machine is desired.” 
We can ve you stronger, neater and better work at a 
great saving of cost to you. 


Let us give you our price. 
FACTORY: 
Hunters Point 1835 
REVIEW AVE. Bet. Fox and Marsh Sts., LONG ISLAND CITY 
NEW YORK 











“RYLARD” 


HIS SPECIAL VARNISH was adopted by 

the British Air Ministry in 1916 as being 
the premier Varnish for Aircraft work. The 
whole of the output of “Rytarp” produced 
from our specially increased plant was taken by 
the Air Ministry and delivered to the various 
Aircraft manufacturers all over the British Isles, 
for use over doped fabric, and has given every 
satisfaction. 


The most suitable Varnish 
for 
AEROPLANE PROPELLERS 
STRUTS AND SKIDS 
SEAPLANE FLOATS 
DOPED FABRICS 


It Dries Quickly, will not Bloom, Crack, or Blister, is 
Impervious to Oil, Petrol, Sea Water, etc. and is 
unaffected by Sun or Rain. 


AMERICAN BRANCH: 


Llewellyn Ryland Co. of America 


624 S. MICHIGAN AVENUE, CHICAGO, U.S.A. 
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CAPITAL JIGS 
I N 
“arinper STAMPINGS ies 


7 E realize is esr or ei ses there should be ne 
fewlty materia! All machine parts must be 
made right and periorm their functions properiy, 

hence we have equipped our new piant to turn out work 
ef the highest quality. We offer our iacilities to yeu 
and trust we may be oi service 


Will you give us 6 trsei? 


LANSING STAMPING & TOOL CO. 


LANSING. MICHIGAN 











Miessner Airfones 
and 


Simon Radio Apparatus 


for 
all aircraft uses 


EMIL J. SIMON 
217 Broadway New York City 














HARTSHORN STREAMLINE WIRES 
ASSEMBLED WITH HARTSHORN 
UNIVERSAL STRAP ENDS 

MAKE THE IDEAL AEROPLANE TIE RODS 

All streamline wires heat treated in process and produced 
by eur carefully developed method of cold reverse rolling, 
will meet the most exacting tests. 

Send for our descriptive circular A-1, describing our wires and terminal fltings 


STEWART HARTSHORN CO. 
250 FIFTH AVENUE, NEW YORK 
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| NEW awn USED AIRPLANES avo MOTORS 


Ships of the “better kind” 


CURTISS JN4H with 150 HP. Mod. A Hispano-Suiza motor. 


These ships may be had as 2 seaters with dual or single 
control, or as 3 seaters with single control. 


STANDARD Scout (New), with 100 HP. Gnome motors. 
Special “stunt ships” dual or single control as ordered. 


NIEUPORT 3 seater, single control, NEW, 220 HP. 
Hispano-Suiza. 


Excellent ships for passenger carrying in high altitudes. 


We have other ships, powered with motors of from 90 to 
400 HP. Write or wire for prices and list “A. N.” 


Cable address: Telephone: 
USAE Newyork Cortlandt 449 


“LS. ALRO LACHANGE 











JI8 PARK ROW 
WE W YORA C/TY 











SHOCK 
ABSORBER 
CORD 


FOR AEROPLANES 
PROMPT DELIVERIES 


SAMPLES ON REQUEST 


J. W. Woop ELAstic WEB Co. 
STOUGHTON, MASS. 
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CARBURETOR 


BovERY Liberty Aircraft 
Engine built is equipped 
with Zenith Liberty Carbure- 
tors—the reason is clear to 
Zemth users. 


Zenith Carburetor Co. 
NewYork DETROIT Chicago 











ROEBLING 


AIRCRAFT WIRE, STRAND AND CORD 


Send for Aircraft Catalog A-355 
JOHN A. ROEBLING’S SONS CO., TRENTON, N. Jd. 











PHILBRIN 


DUPLEX IGNITION 


—with a second system to 
spur the motor to super-service 


COMBINES two separate and distinct systems in one—a Single 

Spark System, most economical of gas, and offering vastly 
increased power. A Secondary or High Frequency System 
which delivers to each cylinder a stream of a thousand sparks 
a second—overcomes abnormal conditions, such as foul spark 
plugs. poor fuel, poor carburetion, and cold cylinders—offers 
10 Assurance against ignition failure. 

Easy to install, moderate in price. Descriptive catalogues and 
our special sales proposition on request. 


PHILIPS-BRINTON COMPANY 
501 So. Broad Street Kennett Square, Pa. 
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An Unusual Opportunity 








To Complete Your Files of 


AVIATION AND AERONAUTICAL — 
ENGINEERING 


We have a limited number of bound volumes covering the period 
from August 1, 1916 to January 15, 1919, containing in every issue aero- 
nautical engineering information of fundamental value. These volumes 
comprise a complete record of the science of aviation during the period 
of the great development of aerial warfare. 


Vol. I 
Vol. Il 
Vol. III 
Vol. IV 
Vol. V 


Also the following sets not bound: 


Vol. III 
Vol. IV 
Vol. V 

Vol. VII 


THE GARDNER, MOFFAT COMPANY, Inc. 


22 East 17th Street, New York City 


$25.00 
10.00 
5.00 
5.00 
5.00 


3.00 
3.00 
3.00 
3.00 
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HAMILTON PROPELLERS OF QUALITY 


are used by the discriminate flyers—They 
will tell you why. 


Standard price list upon application. 


HAMILTON AERO MFG. CO. 
Milwaukee, Wis. 


Successors to 
Aircraft Department, Matthews Bros. Mfg. Co. 





LOUIS DUSENBURY & CO., Inc. 


Established 1849 


MANUFACTURERS AND IMPORTERS 
INTERIOR TRIMMINGS OF QUALITY 
FOR PASSENGER PLANES AND 
DIRIGIBLES 


UPHOLSTERIES 
CURTAIN FABRICS 


NEW YORK 


CARPETS 


229.233 FOURTH AVENUE 





MEET US AT THE 
NEW WORK 
AERO SHOW 


PIONEER INSTRUMENT COMPANY 


246 GREENWICH ST. NEW YORK CITY 











The pioneer manufac- 
ture of airplane parts 
made from bar stock. 
mee Any and _ everything 
1 AL |, pertaining to the man- 
Wn ufacture of airplanes. 


_—_—— 


Any Quantity 


A. J. MEYER MANUFACTURING CO. 
819 John Street West Hoboken, N. J. 








Die - Castings 


of white metal, aluminum 
or bronze 








When you buy from us, you 
make our Engineering Staff, 
Chemical Laboratories and 
shops a part of your own 
organization. 








For real die-casting service use 


THE WORLDS — MANUFACTURERS OF DIE CASTINGS 





TOLEDO, OHIO. 


»N. CHICAGO, ILL. 
“SALES OFFICES IN ALL PRINCIPAL 











LEARN TO FLY 


in old established school, under an instructor who has 
given instruction to more 


AMERICAN ACES 


than any other instructor. 


Army Training Planes Used. 
We Build Our Machines. 


PRINCETON FLYING CLUB, Princeton, N. J. 
WEST VIRGINIA AIRCRAFT CO., Wheeling, W. Va. 
DAYTONA FLYING CLUB (Winter), Daytona, Fla. 








FREDERICK W. BARKER 


REGISTERED PATENT ATTORNEY 
2 RECTOR STREET NEW YORK 


Telephone 4174 Rector Over 30 Years in Practice 


AERONAUTICAL SOCIETY OF AMERICA 
FROM 1915 TO 1919 





PRESIDENT 








SPECIALTY: Patent Claims That Protect 











AIRPLANES——DEVELOPERS OF SPECIAL AIRCRAFT——SEAPLANES 


WITTEMANN-LEWIS AIRCRAFT COMPANY, Inc. 


HASBROUCK HEIGHTS 


BUILDERS SINCE 1906 


NEW JERSEY 
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Aeronautical Engineering and Airplane Design 


> 


By LIEUTENANT ALEXANDER KLEMIN 


Air Service, Aircraft Production, U. 8. A., in Charge Aeronautical 
Research Department, Airplane Engineering Department. Until 
entering military service in the Department of Aeronautics, Massa- 
chusetts Institute of Technology, and Technical Editor of Aviation 
and Aeronautical Engineering. In two parts. 


Part 1. Aerodynamical Theory and Data Part 2. Airplane Design 

. ‘ Classification of Main Data for Modern Airplanes; Unarmed Land 
Modern Aerodynamical Laboratories Reconnaissance Machines; Land Training Machines 
Elements of Aerodynamical Theory Land Pursuit Machine; Land Gun-Carrying Machine; Twin-Engined 
Sustention and Resistance of Wing Surfaces R All-round Machine 
Comparison of Standard Wing Sections Estimate of Weight Distribution 
Variations in Profile and Plan Form of Wing Sections Engine and Radiator Data 
Study of Pressure Distribution Materials in Airplane Construction 
Biplane Combinations Worst Dynamic Loads; Factors of Safety 
Triplane Combinations—Uses of Negative Tail Surfaces Preliminary Design of Secondary Training Machine 
Resistance of Various Airplane Parts General Principles of Chassis Design 

T ketch f ini hine— inci 

Resistance ond Comparative Maesits of Aizplene Sttuts ype eae =. Secondary Training Machine—General Principles of 
Resistance and Performance Wing Structure Analysis for Biplanes 
Resistance Computations—Preliminary Wing Selections Notes on Aerial Propellers 


Price, Postpaid, in the United States, $5.00 Net 


THE GARDNER-MOFFAT COMPANY, Inc., Publishers 
22 East 17th Street, New York City 











READ THE WEEKLY NEWS OF AERONAUTICS 


AIRCRAFT JOURNAL 


the only independent weekly in the field 


Aircraft Journal gathers the aeronautic news of “ Notes on Technical Aeronautics,” “ News of the 
the world for publication every Saturday. Army and Navy Air Services,” “ Answers to In- 
Aircraft Journal keeps the civilian flier, the Serv- quiries,” and a vigorous independent editorial page 
ice aviator, the airplane enthusiast abreast of the are regular features of Aircraft Journal. 
latest happenings in the field. If you are at all interested in aeronautical news, 
Aircraft Journal prints the items of the trade es- while it is still news, you want Aircraft Journal 
sential for manufacturers, operating and sales com- sent to you regularly. 
panies, keeps the industry informed of what the Fill out the Coupon below and begin your sub- 
Government is doing now and what is being planned scription with the New York Aeronautical Show 
for the future. Issues. - 


TWO DOLLARS A YEAR—SIX MONTHS ONE DOLLAR 


THE GARDNER, MOFFAT COMPANY, Inc. 
22 East 17th Street, New York 


GARDNER-MOFFAT CO., Inc., 
22 East 17th Street, New York City. 


You may enter my subscription to Aircraft Journal for one year—six months. Two dollars—one dollar enclosed to 
cover. 


CREAR) cc ccccctccccccccccscccccesisccsscscssscscccssensese 


CORREO REE HORE EEE EEE EEE EEE HESS EEEEEE 


CREST HEHEHE EHH H ESE SE SESEE 
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Lubricate with— WANTED 


Several motors 100 h.p. or over— 
Hall-Scott, Curtiss, or Hispano 
Suiza preferred. State condition 
and lowest cash price first letter. 
Brodell Engineering Company, 61 
Furman Avenue, Maspeth, Long 
For the same reason that all Island. 


the pilots on all the important 














record flights placed their con- 


fidence in Castrol ‘R,’ use it BUSINESS OPPORTUNITY 
For Sale--Manager Wanted 


Three airplanes, passenger carrying, equipped 
with reliable motors, extra wings and fuselages, 
C. C. WAKEFIELD & C0., Ltd. together with hangar and flying privileges, on 

Wakefield House Merrick Road, near Jamaica—firest spot on Long 
Cheapside, London, England Island. Profits estimated one thousand dollars 


and 29, Rue du Mont Thabor weekly. 
Price $13,000 


Paris, France 

Or will sell half interest to responsible party with 
ability to take active interest and devote entire 
time to management. Excellent opportunity: for 
right person. Box 117. 


yourself. 


























PARAGON PROPELLERS 


Highly Developed Dynopter Design } American airmen 
Special for J. N. Machines have’ proved the 


Half of the 


ieiianicinie Berling’s worth. i | 


SE: ©) SE ae 


we 


The Economy Propeller, Par Excellence | B reywbbal M Pal yale 13 re) 





Price $45.00 F.O.B. Baltimore | WORTH MORE DOES MORE 


For Metal Sheathing Add $12.00 
These are a Special Development for O. X. CLASSIFIED ADVERTISING 


Motors on J. N. Machines, now being made in 10 Cents « word, minimum charge $2.00, payable in advance. 
Address replies to box numbers, care AVIATION AND AERO- 


large quantities and ready for immediate ship- 

: : NAUTICAL ENGINEERING, 22 Eas treet, York. 
ment on receipt of $15.00 deposit. C. O. D. for _— mebadwenteret: ed 
balance, with examination allowed before ac- 


ceptance and safe delivery guaranteed. Every 
one bears the Paragon mark, with all that the WANTED TO TRADE—120-H. P. 8-Cylinder V. type Maxi- 
mark implies. Get our General Booklet and motor or 100-H. P. Roberts six for canvas or portable wood 
List f age Write tod hangar suitable for JN-4. Both motors in excellent condition 

ist for other designs, etc. rite today. and include radiators and other extras. Address M. C. Ochs, 
R. R. No. 1, Bettendorf, Iowa. ‘ 











f 





AMERICAN PROPELLER AND MFG. CO. 
MAHOGANY PROPELLERS—A limited amount which we 


1281-89 Covington Street are closing out at prices that you cannot afford to miss. Speci- 
fications: Style D5000, 8’ diameter, 5’ 3” pitch, 1250 RPM, 100- 
BALTIMORE, MARYLAND, U. S. A. H. P., Copper Tipped. Standard for Q. X. Motor. J. N. Train- 

ing Plane. Write G. Elias & Bro., Inc., Air Craft Dept., Buf- 
falo, N. Y. r,, 
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Copyright 1920, by The Goodyear Tire & Rubber Ce. 


Goodyear’s Pony Blimp 


at the New York Show 


LIGHTS of the Goodyear Pony 
Blimp have demonstrated that it has 
qualities interesting to the representatives 
of American governments as well as 
civilian Aero Clubs. 


At the New York Show, a Pony Blimp is 
exhibited full size, hung close to the floor 
to facilitate the examination of bag, car 
and equipment. 


It carries two men and can fly at a 6,000- 
foot ceiling for 10 hours at a full motor 
speed of 40 m.p.h. By taking advantage 
of favoring winds its range is increased. 


With the Pony Blimp, the fundamentals 
of airship design and piloting may be 
taught; it may be used for harbor, coast 
and forest patrol; it can supplant the mil- 
itary kite. 


For Aero Clubs, the Pony Blimp offers 
airship training for every member; it pro- 
vides wonderful sport, new adventure. 


We urge that those interested in aircraft 
for commercial, sport or passenger uses, 
familiarize themselves with Goodyear’s 
Pony Blimp and the complete airship 
accessories at the New York Show. 


Balloons of Any Size and Every Type 
Everything in Rubber for the Airplane 





GOOD, 






































Aerial Carriers de luxe 


Air-travel at from 75 to 100 miles per 
hour is now luxurious, safe, and efficient. 


The science back of the NC-4, first 
to crossthe Atlantic, and the Curtiss Wasp, 
altitude-record maker, has been applied 
to these new passenger and merchandise 
aeroplanes by the organization which has 
long been the dominating center of aero- 
nautical activity in America. 













































































Bookings for instruction or flights may 
be made at the Curtiss Flying Field, Miami, 
Florida, where we maintain a well-equipped 
Training School and Service Station. 














CurTISS AEROPLANE ann Motor CORPORATION 
Sales Othce: Room 1456 52 Vanderbilt Ave., New York 


{ Factories: Garden City, L, I., Buffalo, N. Y., and Marble- 
head, Mass. Flying Fields, Training Schools and Service 
Stations: Garden City, Atlantic City, N. J., Newport 

) News, Va., Miami, Fla , Buffalo and Marblehead. 


Dealers and di.tributors in all parts of the United 
States, Special Representatives in Latin Amer- 
ica, the Philippines and the Far East. 
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VoGe HARFOM. 

















GURTISS AEROPLANES, PLYING BOATS 
AND MOTORS WILL BE EXHIBITED AT THE 


NEW YORE AERONAUTICAL EXPOSITION 


Z7IUY REG. ARMORY — MAR.6- 133 


Member Manufacturers Aircraft Association. 





























